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Statement of Disclaimer 
This project report is a result of a class assignment; it has been graded and accepted as fulfillment 
of the course requirements.  Acceptance of this report in fulfillment of the course requirements 
does not imply technical accuracy or reliability.  Any use of  information in this report is done at 
the risk of the user.  These risks may include, but may  not be limited to, catastrophic failure of the 
device or infringement of patent or copyright  laws.  California Polytechnic State University at San 
Luis Obispo and its staff cannot be held liable for any use or misuse of the project. 
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1.0 Executive Summary 
This report includes a fire protection and life safety analysis for the Art ‘n Motion building.  This 
analysis was done to fulfill the requirement for the Master of Science Degree in Fire Protection 
Engineering from California Polytechnic State University.  The Art ‘n Motion building is two (2) 
stories, approximately 17,720 sqft,  and is Type III-B construction. The building’s primary use is 
a vehicle showroom business where multiple exotic and antique vehicles are on display, and can 
be bought and sold.  The building is also used as a home base for a NASCAR team, that operates 
out of the garage area located on the 1st floor.  This analysis consists of a prescriptive-based 
analysis and performance-based analysis.  
 
The prescriptive-based analysis found that the egress and life safety, fire suppression, fire alarm, 
and structural fire protection features of the building meet the respective code requirements.  The 
prescriptive analysis also included an enhanced design of the fire sprinkler and fire alarm system.  
These enhanced designs are not required, but could be used to aid in a new design if needed.  The 
building was found to be compliant in the egress and life safety aspects and had adequate exits, 
exit separation, and travel distances.  The building was found to meet the structural and building 
code requirements that come with the Type III-B construction and Group B and S-1 occupancies. 
 
A performance-based analysis was conducted to evaluate the Art ‘n Motion building by specifying 
fire safety objectives and determining if those objectives are achieved for specific fire hazards that 
could occur in the building.  The main objective for the performance-based analysis is the life 
safety of the building occupants.  For the performance-based analysis two (2) different design fire 
scenarios were created and input into FDS and analyzed.  
 
The Design Fire #1 analysis consists of a fire resulting from a pool of gasoline, both with 
containment and without containment.  The pool fire with containment, and pool fire without 
containment resulted in a event with a high hazardous impact to the occupants, with the pool fire 
without containment being a catastrophic event.  Both scenarios had a result of significantly lower 
ASET than RSET.  It is recommended that Art ‘n Motion does not allow any fuel to be present in 
showroom and general public areas.  Art ‘n Motion should display the cars with empty fuel tanks 
and if any fueling operation are to take place it should be done outside of the building.  
 
The Design Fire #2 analysis consists of a car fire that has been controlled by the sprinkler system 
and has a capped heat release rate.  Design Fire #2 was shown to be a hazardous event, but resulted 
in an ASET greater than RSET.  Design Fire #2 analysis also consists of a car fire with  no sprinkler 
activation to determine the required spacing of cars to prevent adjacent car fires and a cascading 
event.  The analysis showed that at approximately 1.5 meters spacing the adjacent car would not 
ignite.  It is recommended that Art ‘n Motion add an additional safety factor of 50% to the 1.5 
meters, and space the cars in the showroom at 2.25 meters, or 7 feet 6 inches, apart. 
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2.0 Introduction and Building Overview 
The building used for the analysis is the Art ‘n Motion building, shown in Figure 1, located in 
Saint Augustine, Florida.  This building was built in 2017.  The Art ‘n Motion building is two (2) 
stories and approximately 17,720 sqft.  The building is Type III-B construction.  The building has 
multiple occupancies and has a unique use.  The building’s primary use is a vehicle showroom 
business where multiple exotic and antique vehicles are on display, and can be bought and sold.  
The building is also used as a home base for a NASCAR team, that operates out of the garage area 
located on the 1st floor. 
 
 
Figure 1 - Art 'n Motion building 
 
Shown below in Figure 2 is an overview of the 1st floor.  Highlighted in blue is the vehicle 
showroom area, which is classified as a Group B business occupancy per International Building 
Code (IBC).  The area highlighted in purple is the NASCAR garage area, this area is classified as 
a Group S-1 moderate hazard storage occupancy per IBC.  The garage area is used for vehicle 
repair as well as storage and staging of the NASCAR team’s equipment.  The large doors indicated 
in the green boxes in Figure 2 are large ceiling to floor barn style doors that allow for cars to be 
moved in and out of the building.  
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Figure 2 - 1st floor layout 
 
Shown below in Figure 3 is an overview of the 2nd floor.  Highlighted in blue is an additional 
vehicle showroom area, which is classified as a Group B business occupancy per IBC.  The area 
highlighted in purple is an overflow storage area, this area is classified as a Group S-1 moderate 
hazard storage occupancy per IBC. The areas highlighted in green are offices and one (1) 
conference room located in the bottom left, these areas are classified as Group B business 
occupancy per IBC.  The areas highlighted in red are accessory or auxiliary rooms such as 
bathrooms, break rooms, electrical/mechanical rooms.  
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Figure 3 - 2nd floor layout 
 
Shown in Figure 4 is a view on the 1st floor of the vehicle showroom.  
 
 
Figure 4 - 1st Floor Vehicle Showroom 
 
Shown in Figure 5 is the NASCAR garage area. 
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Figure 5 - NASCAR Garage Area 
 
Shown in Figure 6 is a view of the 2nd Floor walkway area looking towards the office spaces.  The 
picture also shows the opening in the ceiling between the 1st and 2nd floor, which is also indicated 
with the red “X” in Figure 3.  
 
 
Figure 6 - 2nd Floor Walkway Area 
 
Shown in Figure 7 is the 2nd Floor Vehicle Showroom Area.  
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Figure 7 - 2nd Floor Vehicle Showroom Area 
 
Shown in Figure 8 is the car lift, in the picture the lift is on the 2nd floor.  The lift is used to transport 




Figure 8 - Car Lift 
 
Art ‘n Motion the past couple of years has started to host events. A wide range of events have been 
hosted at the building, some example include car meetups, corporate holiday parties, cooking 
classes, and fashion shows.  The use of the building for events with large amounts of people would 
classify some of the spaces in the building as Assembly Group A occupancies.  The original 
architectural plans and what the building was actually permitted for indicate the spaces are business 
and storage occupancies only.  This report and analysis was done according to the original building 
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classification and use of business and storage occupancies only, and does not include analysis of 
the new use of assembly.  The use of space for assembly comes with more stringent life safety and 
fire protection features, the owner has been made aware of this and a solution is in progress.  
 
Figure 9 below shows the Art ‘n Motion Building from an ariel view.  
 
 
Figure 9 - Art 'n Motion Ariel View 
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3.0 Applicable Codes  
The fire protection design and analysis was done under the following codes standards:   
 International Building Code, 2018 Edition 
 International Fire Code, 2018 Edition 
 NFPA 13 – Standard for the Installation of Sprinkler Systems, 2016 Edition 
 NFPA 25 – Standard for the Inspection, Testing and Maintenance of Water-Based Fire 
Protection Systems 
 NFPA 30 – Flammable and Combustible Liquids Code, 2018 Edition 
 NFPA 70 – National Electric Code, 2016 Edition 
 NFPA 72 – National Fire Alarm and Signaling Code 
 NFPA 101 – Life Safety Code, 2018 Edition 
4.0 Egress and Life Safety Design and Analysis  
A summary of the building information is located in Table 1 with the applicable code or table from 
IBC listed.  The Art ’n Motion building information was then used to perform a building code 
analysis where each key requirement in IBC was listed and compared to the actual characteristics 
of the building.  When different requirements based on the occupancy were present, the more 
stringent requirement was used with the appliable code or table from IBC listed.  The Art ‘n Motion 
building passed the key requirements listed from IBC, as shown.  The egress drawings and life 
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Table 1 – Building Information and Building Code Analysis 
 
 
The egress capacity from the different exits in the building was calculated using the sizing factors 
and guidance from IBC.  The egress capacity was calculated and shown in Table 2,  with a visual 
representation for each floor shown in Figure 10 and Figure 11.  The exit tags are shown in red.  If 
occupants exit through a door than proceed to use a stairway, the lesser capacity or more stringent 
value was used, as shown in the table.  
Applicable Codes Edition Code Section/Table
International Building Code (IBC) 2018
Use/Occupancy: Type Size (ft2)
Vehicle Showroom (B) Business 4,630 IBC 304.1
Motor Vehicle Repair Garage (S-1) Storage 4,110 IBC 311.2
Stairwell (B) Business 270 IBC 304.1
Auxiliary Rooms (B) Business 390 IBC 304.1
Vehicle Showroom (B) Business 2,260 IBC 304.1
General Storage (S-1) Storage 3,740 IBC 311.2
Office Areas (B) Business 1,400 IBC 304.1
Auxiliary Rooms (B) Business 650 IBC 304.1
Stairwell (B) Business 270 IBC 304.1
Total Size (ft2) - 1st floor
Total Size (ft2) - 2nd floor
Total Size (ft2) - Building Total
Construction Type (IBC 601)
Fire Supression Sprinklered per NFPA 13
Maxium Allowable Building Height
(IBC 504.3) 55 ft 34 ft Pass
Maxium Allowable Stories
(IBC 504.4) 2 3 Pass
Maxium Allowable Area
(IBC 504.4) 52,500 ft
2 17,720 ft2 Pass
Required Seperation of Occupancies 
B and S-1 (IBC 508.4) No Seperation No Seperation Pass
Exterior Bearing Walls Fire-Resistance 
Rating Required (IBC 601) 2 2 Pass
Interior Bearing Walls Fire-Resistance 
Rating Required (IBC 601) 0 1 Pass
Interior Non-bearing Walls Fire-
Resistance Rating Required (IBC 601)
0 0 Pass
Floor and Roof Construction Fire-
Resistance Rating Required (IBC 601)
0 0 Pass
Interior Exit Stairway Fire-Resistance 









Note: The more stringent requirement from the two (2) occupancies B and S-1 has been used.
Actual Number of Stories
8,320
17,720
Actual Interior Non-bearing Walls 
Fire-Resistance Rating
Actual Floor and Roof Fire-
Resistance Rating
Actual Floor and Roof Fire-
Resistance Rating
Actual Area 
Actual Seperation of Occupancies 
B and S-1
Actual Exterior Bearing Walls Fire-
Resistance Rating
Actual Interior Bearing Walls Fire-
Resistance Rating
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Table 2 - Calculated Egress Capacity 
 
 



















North Exit #1 72 0.2 360 N/A 0.3 0 360
North Exit #2 36 0.2 180 N/A 0.3 0 180
South Exit #1 92 0.2 460 N/A 0.3 0 460
South Exit #2 36 0.2 180 N/A 0.3 0 180
Total Egress Capacity - 

















North Exit #1 72 0.2 360 44 0.3 147 147
South Exit #1 and #2 36 0.2 360 60 0.3 200 200
Total Egress Capacity - 
2nd Floor 347 Occupants
Calculated Egress Capacity
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Figure 11 - Egress Capacity 2nd Floor 
 
To determine if the egress capacity is adequate the occupant load factor was calculated for each 
occupancy and space. This was done by using the occupant load factors in Table 1004.5 of the 
IBC and applying it to the square footage of each space.  The calculation for each space, total per 
floor, and building total is shown in Table 3, with a visual representation in Figure 12 and Figure 
13. 
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Figure 12 - Occupant Load Factor 1st Floor 
Applicable Codes Edition
International Building Code (IBC) 2018
Occupant Loads Area (ft²) OLF - ft2/Person # People Code Section/Table
Vehicle Showroom/Auxiliary Rooms 5280 100 53 IBC 1004.5
Garage/Storage 4120 300 14 IBC 1004.5
Vehicle Showroom/Auxiliary Rooms/Office Space 4060 100 41 IBC 1004.5
General Storage 3780 300 13 IBC 1004.5
Conference Room (Net) 450 15 30 IBC 1004.5
Total Occupant Load - 1st Floor 67
Total Occupant Load - 2nd Floor 83
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Figure 13 - Occupant Load Factor 2nd Floor 
 
Once the occupant load factor of each space and floor was determined, the result was compared to 
the calculated egress capacity.  This is shown in Table 4, and as shown the Art ‘n Motion building 
has adequate exit capacity.  The number of exits from each space and floor was also analyzed to 
determine if the building has an adequate number of exits.  This is shown in Table 5 along with 
the applicable code section requirement from IBC.  Per IBC section 1007.1.1 the exits also require 
adequate separation, the analysis for this requirement this is shown in Table 6.  
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Table 4 - Exit Capacity Summary 
 
 
Table 5 - Number of Exits 
 
 
Table 6 - Exit Separation 
 
 
The three (3) main egress distance requirements from IBC of maximum exit access travel distance, 
maximum common path of egress travel distance, and maximum dead end distance were 
determined for each occupancy and shown for each floor in Figure 14 and Figure 15.  With actual 
measured distance shown on table of egress tag and maximum per appliable IBC code shown on 
Applicable Codes Edition








1st Floor 67 1180 Pass
Showroom 53 1000 Pass
Garage/Storage 14 360 Pass
2nd Floor 83 347 Pass
Vehicle Showroom/Office Space 41 540 Pass
General Storage 13 360 Pass
Conference Room (Net) 30 360 Pass
Exit Capacity
Applicable Codes Edition
International Building Code (IBC) 2018
Space/Use Required Exits Actual Exits Adequate Exits Code Section/Table
1st Floor 2 5 Pass IBC 1006.2.1
Showroom 2 4 Pass IBC 1006.2.1
Garage/Storage 2 2 Pass IBC 1006.2.1
2nd Floor 2 2 Pass IBC 1006.2.1
Vehicle Showroom/Office Space 2 2 Pass IBC 1006.2.1
General Storage 2 2 Pass IBC 1006.2.1
Conference Rooma 1a 1 Pass IBC 1006.2.1
Number of Exits
Notes:
a. Conference Space has OLF < 50 and maximum common path of egress travel distance < 75.  One exit allowed 
per IBC table 1006.2.1
 
Applicable Codes Edition











1st Floor 135 45 134 Pass IBC 1007.1.1
Showroom 114 38 101 Pass IBC 1007.1.1
Garage/Storage 107 37 123 Pass IBC 1007.1.1
2nd Floor 135 45 120 Pass IBC 1007.1.1
Vehicle Showroom/Office Space 114 38 39 Pass IBC 1007.1.1
General Storage 107 36 120 Pass IBC 1007.1.1
Exit Separation
Notes:
a. Per IBC Section 1007.1.1 Exception (2) where a building is equipped throughout with an automatic sprinkler system, the 
separation distance shall be not less than one-third of the length of the maximum overall diagonal dimension of the area 
served.
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Figure 14 - Egress Distances 1st Floor 
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Figure 15 -  Egress Distances 2nd Floor 
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The following floorplans highlight the egress and exit components of the building.  Exit signs have 
been located in accordance with IBC Section 1013.  It is recommended that the owner of the 
building have these displayed in the building on each floor: 
 
 
Figure 16 - Egress Plan 1st Floor 
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Figure 17 - Egress Plan 2nd Floor 
 
4.1 Life Safety and Egress Summary 
As explained in this section Art ‘n Motion building consists of two (2) occupancies Group B 
business occupancy and Group S-1 moderate hazard storage occupancy.  The Art ‘n Motion 
building meets the requirements of IBC for egress and life safety as highlighted in this section.  
The exit capacity for each space is greater than the calculated occupancy load factor for each space, 
allowing for adequate exits that are spaced properly per IBC.  Another main fire protection 
component, that also effects the life safety and egress of the building, is the fire sprinkler system, 
which is highlighted in the next section.  
5.0 Fire Suppression Design and Analysis 
This section includes and design criteria for the new sprinkler system, a water supply analysis, and 
a hydraulic analysis of the sprinkler system.  The fire sprinkler drawings are located in Appendix 
A Fire Protection Drawings.  The SprinkCAD calculations are located in Appendix B. 
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The building is currently equipped with a wet-pipe sprinkler system protecting all areas of the 
building.  For the purpose of this analysis the existing sprinkler system has been ignored and a new 
layout has been designed and calculated.  The new designed sprinkler system is a gridded system, 
compared to the existing system which is a tree system.  Gridded systems have better hydraulic 
properties than tree systems, water is able to be supplied to branchlines by larger pipes and not be 
constricted to the pipe size of the branchlines at remote areas of the system. 
5.1 Design Criteria 
The system shall be comprised an wet-pipe sprinkler system protecting all areas unless noted 
otherwise.  No dry-pipe, preaction, or other special types of water suppression systems will be 
used in this building.  The sprinkler system riser will be located in the southeast corner of the 
building in the garage area.  A visual representation for the hazard classification of each floor is 
shown in Figure 18 and Figure 19. 
 
The offices areas, bathrooms, conference room, break room shall be classified as light hazard areas 
per NFPA 13 Section 5.2.  Light hazard areas shall be designed for 0.10 gpm/sqft over the most 
remote 1,500 sqft per NFPA 13 density area curves Figure 11.2.3.11.  Light hazard areas shall 
have a supply duration of 30 minutes per NFPA 13 Table 11.2.3.1.2.  Light hazard areas shall have 
a hose stream allowance of a total combined inside/outside hose of 100 gpm per NFPA 13 Table 
11.2.3.1.2.  The sprinklers shall be upright standard spray sprinklers with a maximum protection 
area of 225 sqft. And spaced at a maximum of 15 feet per NFPA 13 Table 8.6.2.2.1(a).   
 
The vehicle showroom areas, mechanical and electrical rooms shall be classified as ordinary 
hazard group 1 areas per NFPA 13 Section 5.3.1, and by using the Appendix Section A.5.3.1 for 
classification guidance.  Ordinary hazard group 1 areas shall be designed for 0.15 gpm/sqft over 
the most remote 1,500 sqft per NFPA 13 density area curves Figure 11.2.3.11.  Ordinary hazard 
group 1 areas shall have a supply duration of 60-90 minutes per NFPA 13 table 11.2.3.1.2.  
Ordinary hazard group 1 areas shall have a hose stream allowance of a total combined 
inside/outside hose of 250 gpm per NFPA 13 Table 11.2.3.1.2.  The sprinklers shall be upright 
standard spray sprinklers with a maximum protection area of 130 sqft, and spaced at a maximum 
of 15 feet per NFPA 13 Table 8.6.2.2.1(b).   
 
The repair garage area shall be classified as ordinary hazard group 2 area per NFPA 13 Section 
5.3.2, and by using the Appendix Section A.5.3.2 for classification guidance.  Ordinary hazard 
group 2 areas shall be designed for 0.2 gpm/sqft over the most remote 1,500 sqft per NFPA 13 
density area curves Figure 11.2.3.11.  Ordinary hazard group 2 areas shall have a supply duration 
of 60-90 minutes per NFPA 13 Table 11.2.3.1.2.  Ordinary hazard group 2 areas shall have a hose 
stream allowance of a total combined inside/outside hose of 250 gpm per NFPA 13 Table 
11.2.3.1.2.  The sprinklers shall be upright standard spray sprinklers with a maximum protection 
area of 130 sqft, and spaced at a maximum of 15 feet per NFPA 13 Table 8.6.2.2.1(b).   
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The exterior deck area on the north end of the building is constructed of non-combustible concrete 
and does not required sprinkler protection above or below the deck overhang per NFPA 13 section 
8.15.7.2.  
 
Figure 18 - Hazard Classification 1st Floor 
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Figure 19 - Hazard Classification 2nd Floor 
 
5.2 Water Supply Analysis 
The fire sprinkler system is supplied by an existing 10-inch PVC city water main that runs parallel 
to the building on Bannan Avenue, as shown on the site plan in Figure 21.  A 6-inch underground 
PVC firewater main is then routed to the 6-inch backflow preventer located on the southeast corner 
of the building. From the backflow preventer the firewater main is routed underground to the fire 
sprinkler riser where it then stubs up into the building.  
 
A 6-inch supply is routed adjacent to the firewater supply to a fire hydrant located on the southeast 
corner of the building.  This fire hydrant will serve as the test hydrant for the flow test.  
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The backflow preventer used will be a 6 inch double check Ames 2000SS backflow preventer, as 
shown in Figure 20.  Backflow preventers are required to prevent backflow of polluted water into 
the potable water supply.  Since the backflow preventer is exterior and fully aboveground it shall 
be insulated for freeze protection.   
 
 
Figure 20 - Backflow Preventer 
 
A fire department connection (FDC) shall be attached to the firewater side of the backflow 
preventer to allow for additional water and pressure to be supplied by the fire department in-case 
extra demand is needed.  The fire department connection shall consist of a brass Siamese valve, 
with two (2) 2.5-inch female hose connections.  
 
A visual representation for the water supply analysis and site plan is shown in Figure 21.  
 
Figure 21 - Site Plan 
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A flow test was performed on the water supply, to ensure that the water supply has sufficient flow 
and pressure available for the fire sprinkler system.  NFPA 291 was used as guidance for 
performing the flow test.  The fire hydrant located closest to the fire sprinkler riser was used as the 
test hydrant.  The closest adjacent hydrant, approximately 150’ south of the test hydrant on the 
same main, was used as the flow hydrant.  The flow test was performed used the little hose monster, 
shown in Figure 22, which consists of a 2 inch pitot less nozzle that is able to measure the pressure 
in the nozzle and correspond that to a flow. 
 
  
Figure 22 - Little Hose Monster 
 
A pressure gauge was then placed on the test hydrant.  The pressure was read from the test hydrant, 
with flow hydrant not flowing.  The flow hydrant was then fully opened, and the pressure read on 
the little hose monster pressure gauge for flow, and the pressure was read on the test hydrant 
pressure gauge while the flow hydrant was at full flow.  The results of the test were as follows, 
and results of flow test area also shown on pressure gauges in Figure 23: 
 Static pressure: 74 psi 
 Residual Pressure: 64 psi 
 Hose Monster Flow Pressure: 83 psi 
 Corresponding flow per hose monster pressure chart (83 psi): 1502 gpm 
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Figure 23 - Flow Test Results 
 




Figure 24 - Flow Test Curve 
Static Pressure Residual Pressure Flow Pressure Flow Rate
(psi) (psi) (psi) (psi)
74 64 83 1502
Flow Test Data




   Page 32 of 98  
5.3 Sprinkler System and Hydraulic Analysis 
The system layout and supplemental information for the design of the sprinkler system is shown 
in the fire protection design drawings included in Appendix A.  The full SprinkCAD hydraulic 
calculation report is located in Appendix B. 
 
The hydraulic analysis and system layout were done using SprinkCAD, which is a system layout 
design tool and hydraulic analysis software that can be implemented with AutoCAD.  
 
The new sprinkler system designed uses a 3-inch main that is routed from the riser on the south 
side of the building.  A 3-inch floating main is then routed on the north side of the building. The 
1.5-inch then connect the 3-inch mains together, or grid the system.  
 
All piping, sprinklers, and other components to be UL listed or FM approved materials.  The 
branchlines used are carbon steel schedule 40 1.5-inch throughout.  The mains used are carbon 
steel schedule 10 3-inch throughout. The sprinkler system will use the Tyco TY-B standard 
response and standard coverage sprinkler head throughout, shown below in Figure 25.  This 
sprinkler head will be an 8.0 K-factor upright head.  The sprinkler head has an Response Time 
Index (RTI) of 80 (m-s) and a activation temperature of 68 °C. 
 
 
Figure 25 - Tyco TY-B 
 
The hydraulic analysis was done in SprinkCAD by using the design criteria and water supply 
information specified in this report.  Two (2) remote areas or design areas were chosen for this 
analysis.  One (1) design area used was 1,500 sqft in the garage area on the first floor, this will be 
Design Area #1.  This is not the most remote area, but the garage area is the only area classified 
as OH2, requiring a density of 0.2 gpm/sqft over 1,500 sqft, the highest water demand.  This 
calculation requires five (5) heads per branchline.  The current sprinkler head coverage in the 
garage area is approximately 126.75 sqft per head, with at least 1,500 sqft needed, this resulted in 
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12 heads flowing.  Show below in Table 7 is the hydraulic summary and shown in Figure 26 is the 
hydraulic summary graph.  As shown in the hydraulic summary the system will work 
hydraulically.  The system has approximately 40 psi of safety factor between system demand and 
supply available.  This means if needed smaller k-factor heads and smaller pipe sizing can be used.  
 




Figure 26 - Design Area #1 Hydraulic Summary Graph 
 
Design Area #2 was the showroom located on the 2nd floor.  This area is classified as OH1 requiring 
a density of 0.15 gpm/sqft over 1,500 sqft.  This calculation requires five (5) heads per branchline.  
The current sprinkler head coverage in the area is approximately 126.75 sqft per head, with at least 
1,500 sqft needed, this resulted in 12 heads flowing.  Show below in Table 8 is the hydraulic 
summary and shown in Figure 27 is the hydraulic summary graph.  As shown in the hydraulic 
summary the system will work hydraulically.  Similar to Design Area #1 analysis the system is 
shown to have approximately 40 psi of safety factor.  
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Figure 27 - Design Area #2 Hydraulic Summary Graph 
 
5.4 Fire Suppression Analysis Summary 
The inspection testing and maintenance requirements for the sprinkler system are located in 
Section 8.7, in the Fire Safety Management section of this analysis.  The new design of a gridded 
fire sprinkler system requires approximately a flow of approximately 560 gpm at a pressure of 30 
psi in the most remote area according to the SprinkCAD calculations produced for the new system.  
According to the flow test that was performed, the supply and pressure in the area is adequate for 
the required demand.  The next section will incorporate the fire alarm design and include the 
specification of the fire alarm equipment needed to monitor the fire sprinkler system.  
6.0 Fire Alarm Design and Analysis 
The building is currently equipped with a Cerberus Siemens fire alarm system.  Currently the panel 
has multiple trouble signals, and has had functionality issues in the past, even though the system 
was installed a short time ago in 2017.  The owner of the building has been dissatisfied with the 
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current fire alarm system.  The owner also has not been able to locate the existing fire alarm system 
drawings.  This is a good example of why more and more requirements have been put in place to 
leave the existing system drawings and programming in an organized fashion with the building 
owner.  For the purpose of this project the existing system will be largely ignored, and the design 
and analysis will consist of a new fire alarm system.  The new fire alarm system will consist of a 
fully addressable fire alarm system.  The system shall include manual detection via pull stations 
and automatic detection via smoke and heat detectors.  The fire alarm system will also monitor the 
existing fire sprinkler system via waterflow and tamper switches.  Audible and visible notification 
will be achieved using horn strobes and strobes located throughout the building.  All fire alarm 
products used in the building shall be UL listed and FM approved.  The fire alarm drawings are 
located in Appendix A Fire Protection Drawings.  
6.1 Fire Alarm Control Panel 
The new fire alarm system shall be controlled by a Notifier NFS-320 Fire Alarm Control Panel 
(FACP), shown in Figure 28.  The FACP shall be located in the electrical room on the 1st floor of 
the building, as shown on the fire alarm design drawings.  
 
 
Figure 28 - NFS-320 FACP 
 
An FACP, also referred to as a Fire Alarm Control Unit (FACU), is the head end of the fire alarm 
system or the controlling unit.  The FACP will be provided with primary power via 120 VAC.  The 
FACP is also required to have secondary power, this will be achieved via two 12V interconnected 
batteries located in the panel, that will provide 24 VDC,  additional secondary power requirements 
and battery calculations are located in the fire alarm design drawings.  The addressable devices 
located in the building will connect to the fire alarm control panel via Signaling line Circuit (SLC).  
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The addressable devices or initiating devices will each have unique addresses that will be 
programmed into the panel.  The FACP is equipped with an LED screen for display purposes, and 
push buttons for control.  The FACP receives the signals from the initiating devices and processes 
these signals to determine part or all of the required fire alarm system output functions.  One of 
these functions include the power or initiation of the notification devices located throughout the 
building.  The NFS-320 is equipped with four (4) Notification Appliance Circuits (NAC).  Shown 
below in Figure 29, and included in the fire alarm design drawings, is the wiring diagram of the 
FACP (wiring diagram of NFS-320 could not be located, therefore typical addressable panel with 
a similar layout was used for display purposes).  The wiring diagram shows the inside of the panel 
and how the wiring is connected.  A full system riser diagram is located in the fire alarm design 
drawings.  
 
Figure 29 - Wiring Diagram 
 
Because the panel is located inside the electrical room and not readily available to or apparent to 
first responders a fire alarm annunciator shall be used.  The fire alarm annunciator shall be a 
Notifier FDU-80, shown below in Figure 30.  The fire alarm annunciator will mimic the display 
of the FACP, and have control capabilities that include system acknowledgement, signal silence, 
drill, and reset.  The fire alarm annunciator will be located at the main entrance to the building, as 
shown on the fire alarm design drawings, and be interconnected to the FACP via RS-485.  The fire 
alarm annunciator will be powered by the 24VDC from the FACP.  
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Figure 30 - FDU-80 Fire Alarm Annunciator 
6.2 Automatic Detection 
Automatic detection will be achieved in the building using a number of different methods.  Since 
the building fully sprinklered and classified as a business and storage occupancy with no sleeping 
areas, the building is not required per IBC to be provided with automatic detection via smoke and 
heat detectors throughout.  IBC requires only specific areas are to be provided with smoke and 
heat detection.  Automatic heat detection of a fire will be provided by the building’s sprinkler 
system.  This building has an existing fire sprinkler system that will be assumed to be installed 
correctly per NFPA 13.  The building currently utilizes Tyco TY-B 8.0 K-factor upright heads 
throughout rated for 155°F, automatic sprinkler head shown below in Figure 31.  
 
 
Figure 31 - Tyco 8.0 Sprinkler Head 
 
The smoke detector used for this building shall be the Notifier FPTI-951 Series Multi-Criteria 
Photo/Thermal/Infrared Detectors, shown below in Figure 32 The multi-criteria smoke detectors 
utilize a combination of photo/thermal/infrared sensors, combined with a detection algorithm, to 
reject nuisance triggers and particulates to cut down on false alarms.  A smoke detector shall be 
installed above the FACP in the electrical room as required by NFPA 72 Section 10.4.5.  Smoke 
detectors shall be installed in the elevator lobby on each floor, to initiate recall, on the ceiling 
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within 21’ of the elevator door as required by NFPA 72 Section 21.3.5.1.  Elevator control and 
power functions are detailed in Section 6.7.   
 
 
Figure 32 - FPTI-951 Smoke Detector 
 
The electrical room with the elevator equipment shall utilize a Honeywell FST-851 Thermal Heat 
Detector, shown below in Figure 33, for elevator power shunt trip functions per NFPA 72 Section 
21.4.  
 
Figure 33 - FST-851 Heat Detector 
 
6.3 Manual Detection 
Manual detection shall be achieved using manual pull stations.  The Notifier Dual-Action NBG-
12LX Addressable Manual Pull Station, shown below in Figure 34, shall be utilized for this 
building.  Manual pull stations shall be installed at each egress exit and entrance to stairwells, as 
shown on the fire alarm design drawings, and shall be installed per NFPA 72 Section 17.15. 
 
Figure 34 - NBG-12LX Manual Pull Station 
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6.4 Visual Notification 
Visual notification shall be achieved using horn strobes and strobes located throughout the 
building.  The horn strobes and strobes shall be ceiling mounted System Sensor L-Series Indoor 
Selectable-Output Strobes and Horn Strobes, shown below in Figure 35. 
 
 
Figure 35 - L-Series Strobes and Horn Strobes 
 
Strobes activated by fire alarm control panel shall be installed to provide visual notification in 
normally occupied rooms with multiple occupants including the garage/repair area, showroom 
areas, storage areas, break rooms, restrooms, corridors, and conference rooms. The appliances will 
be spaced in accordance with NFPA 72 table 18.5.5.5.1 (b), for ceiling mounted devices, shown 
below in Figure 36. Layout of devices and Candela ratings shall be installed per the fire alarm 
design drawings.  Visual Notification devices shall be installed per NFPA 72 Section 18.5.5.  
Visual notification devices shall be synchronized per NPFA 72 Section 18.5.5.52. 
 
 
Figure 36 - NFPA 72 Visual Notification Spacing 
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6.5 Audible notification 
Audible notification shall be achieved using horn strobes located throughout the building.  The 
horn strobes shall be ceiling mounted System Sensor L-Series Indoor Selectable-Output Horn 
Strobes, shown above in Figure 35.  Horn strobes shall produce the distinctive evacuation signal 
of a three-pulse temporal pattern and signal as specified by NFPA 72 Section 18.4.2.  Evacuation 
signals shall be at least 15dB above the average ambient sound or 5 dB above the maximum sounds 
level having a duration of at least 60 seconds, as specified by NFPA 72 Section 18.4.4.  The System 
Sensor L-Series Horn Strobes provide 89 dBA at 24 VDC.  
6.6 Sprinkler Monitoring 
The fire alarm system shall monitor the existing fire sprinkler system.  This includes monitoring 
the sprinkler system for waterflow, waterflow would be caused from a sprinkler activation or 
release.  The fire sprinkler riser is currently equipped with a Potter VSR Waterflow switch.  The 
existing waterflow switch shall be connected to a Notifier FMM-1 Monitor Module, shown below 
in Figure 37, and tied into the new fire alarm system.  The fire alarm system shall also monitor the 
fire sprinkler riser control valve, this is required to be monitored so that if a critical valve to the 
operation of the fire sprinkler system is closed, the panel will be alerted.  This is done by using a 
valve tamper switch.  The control valve on the riser currently uses a Potter PCVS Tamper Switch.  
This tamper switch shall be connected to the FMM-1 Monitor Module and tied into the new fire 
alarm system.  
 
Figure 37 - FMM-1 Monitor Module 
6.7 Elevator Control 
Elevator recall shall be initiated by the smoke detectors in the elevator lobbies.  Initiation of the 
smoke detector in the 1st floor elevator lobby shall initiate alternate recall, recalling the elevator to 
the 2nd floor.  Initiation of the smoke detector in the 2nd floor elevator lobby shall initiate primary 
recall, recalling the elevator to the 1st floor, as specified by NFPA 72 Section 21.3.  The heat 
detector installed in the elevator equipment room shall initiate shunt trip per NFPA 72 Section 
21.4.  The heat detector shall be set to 135°F, which is a lower temperature than the sprinkler head 
in the elevator equipment room, and upon activation shunt power to the elevator equipment.  This 
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is done so that water is not sprayed upon energized equipment.  The elevator shaft is not sprinklered 
therefore per NFPA 72 Section 21.3.6 detection devices are not required to be installed inside the 
shaft.  
6.8 Wiring and Conduit 
The new fire alarm system shall be all new wiring.  All wiring shall be routed in conduit.  Conduit 
shall be a minimum of 3/4”.  The conduit shall be Electric Metallic Tubing (EMT), that is painted 
red.  All conduit and wire installed shall comply with the standard requirements of NEC 70.  All 
penetrations through fire rated walls shall be firestopped with materials/assembly acceptable to the 
authority having jurisdiction.  
6.9 Monitoring 
Monitoring of the fire alarm system is to be by done by the Honeywell IPGSM-4G fire alarm 
communicator, shown below in Figure 38 The communicator sends signals via internet or cellular 
to a monitoring station with contact ID and device addresses to provide detailed descriptions of 
each signal.  This communicator will be located adjacent to the FACP in the electrical room.  
 
Figure 38 - IPGSM-4G Fire Alarm Communicator 
 
6.10  Smoke Control 
The air handler units that supply the building are required to have duct detectors for smoke control 
per the requirements of NFPA 90A, the building does not require additional smoke control features 
per IBC.  The building is equipped with one (1) air handler unit (AHU) located in the mechanical 
room on the 2nd floor.  Duct detectors are required to be provided on the supply ducts of all air 
handler units exceeding 2,000 cubic feet per minute (cfm) in rated capacity, or in any air handlers 
with a combined plenum return exceeding 2,000 cfm per NFPA 90A.  The air handler unit shall 
shutdown when an alarm signal is received from the duct detector.  The duct detector assembly 
shall utilize the FPTI-951 smoke detector that will be used in the rest of the building. The air 
handler unit comes equipped with one (1) duct detector assembly, shown below in Figure 39.   
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Figure 39 - AHU Duct Detector Assembly 
 
This assembly is equipped with a sampling tube that captures the air in the duct and routes it to a 
smoke detector for detection of smoke in the sampled air.  An example of the assembly is shown 
below in Figure 40  The duct detector assembly shall be equipped with a remote test station. 
 
Figure 40 - Duct Detector Assembly Diagram 
 
6.11 Riser Diagram 
A riser diagram was produced for this fire alarm system, based on the layout shown in the design 
drawings and is shown in Figure 41.  
 
Figure 41 - Fire Alarm Riser Diagram 
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6.12  Fire Alarm Battery and Secondary Power  
A battery calculation was produced for this fire alarm system, based on the layout shown in the 
design drawings, the devices specified, and the requirements per NFPA 72, and is shown in 
Table 9.  The batteries installed should be sized per the battery calculation.  
Table 9 - Fire Alarm Battery Calculator 
 
6.13 Sequence of Operations 
A sequence of operations was produced for this fire alarm system, that shall be programmed into 
the fire alarm control panel.  The input and output matrix is shown below in Figure 42.  The 
sequence of operations was produced using guidance from typical input and output matrix from 
NFPA 72 Section/Figure A.14.6.2.4. 
PROJECT:
NAME:
REQUIRED MINIMUM BATTERY CAPACITY 
(AMP*HOURS)
REQUIRED STANDBY TIME
PER NFPA 72 SECTION 10.6.7.2.1 (HOURS)
TOTAL SYSTEM STANDBY CURRENT 
(AMPS)
TOTAL SYSTEM STANDBY CAPACITY 
(AMP*HOURS)
REQUIRED ALARM TIME
PER NFPA 72 SECTION 10.6.7.2.1 (HOURS)
TOTAL SYSTEM ALARM CURRENT (AMPS)
TOTAL SYSTEM ALARM CAPACITY 
(AMP*HOURS)
ADDITIONAL 20%  SAFETY FACTOR PER 
NFPA 72 SECTION 10.6.7.2.1.1
TOTAL SYSTEM CAPACITY
ALARM+STANDBY (AMP*HOURS)
















NFS-320 FIRE ALARM CONTROL PANEL 1 0.3900 0.3900 0.3900 0.3900
FDU-80 ANNUNCIATOR 1 0.0500 0.0500 0.0500 0.0500
FPTI-951 SMOKE DETECTOR 3 0.0002 0.0045 0.0006 0.0135
FST-851 HEAT DETECTOR 1 0.0003 0.0065 0.0003 0.0065
FPTI-951 DUCT DETECTOR 1 0.0002 0.0045 0.0002 0.0045
NBG-12LX MANUAL PULL STATION 8 0.0004 0.0050 0.0030 0.0400
FMM-1 MONITOR MODULE 2 0.0004 0.0050 0.0008 0.0100
FCM-1 RELAY MODULE 1 0.0004 0.0050 0.0004 0.0050
L-Series 15CD STROBE 7 0.0000 0.0410 0.0000 0.2870
L-Series 30CD HORN/STROBE 1 0.0000 0.0900 0.0000 0.0900
L-Series 75CD HORN/STROBE 16 0.0000 0.1430 0.0000 2.2880










FPE 522 ART 'N MOTION BUILDING
10.6854
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Figure 42 - Sequence of Operations 
 
6.14  Fire Alarm Analysis Summary 
The inspection testing and maintenance requirements for the fire alarm system are located in 
Section 8.6, in the Fire Safety Management section of this analysis.  For the purpose of this project 
the existing system was largely ignored, and the design and analysis will consist of a new fire 
alarm system.  The new fire alarm system will consist of a fully addressable fire alarm system.  
The system shall include manual detection via pull stations and automatic detection via smoke and 
heat detectors.  The fire alarm system will also monitor the existing fire sprinkler system via 
waterflow and tamper switches.  Audible and visible notification will be achieved using horn 






































































































































































































































































































































































A B C D E F G H I J K
General Fire Detection Initiating Devices
1 Manual pull station l l l 1
2 Smoke detector l l l 2
3 Spot heat detector l l l 3
4 Waterflow switch l l l 4
5 Valve tamper switch l l 5
6 Duct smoke detector l l l l 6
Elevator Control Initiating Devices
7 Primary floor elevator lobby smoke detector l l l 7
8 Alternate floor elevator lobby smoke detector l l l 8
9 Heat detector in elevator equipment room l l l 9
Trouble Conditions
10 Ground fault l l 10
11 Notification appliance short circuit l l 11
12 Open circuit l l 12
13 Low battery l l 13
14 AC power failure with 1 hour delay l l 14
A B C D E F G H I J K
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7.0 Structural Fire Protection Design and Analysis 
The Art ‘n Motion building is was designed for Type III-B construction.  Type III-B construction 
consists of structural members with no fire ratings or added fireproofing, besides the external load 
bearing walls.  All structural members are constructed of non-combustible materials.  The walls 
and floor assemblies between the storage and business occupancies consist of walls with no fire 
resistance.  Shown in Table 10 is the requirements from IBC Table 601 for each building elements 
with Type III-B requirements highlighted in red.  
 
Table 10 - IBC Building Elements Requirements 
 
 
The structural building information was then used to perform a building code analysis where each 
key requirement in IBC was listed and compared to the actual structural characteristics of the 
building.  When different requirements based on the occupancy were present, the more stringent 
requirement was used.  The structural building code analysis summary is located in Table 11,  with 
the appliable code or table from IBC listed.  The Art ‘n Motion building passed the key 
requirements listed from IBC, as shown. 
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Table 11 - Structural Building Code Analysis 
 
 
Shown in  Figure 43 and Figure 44 is a visual representation of the occupancies and key 
structural elements in the building.  
Applicable Codes Edition Code Section/Table
International Building Code (IBC) 2018
Construction Type (IBC 601)
Fire Suppression Sprinklered per NFPA 13
Required Separation of Occupancies 
B and S-1 (IBC 508.4) No Separation No Separation Pass
Exterior Bearing Walls Fire-Resistance 
Rating Required (IBC 601) 2 2 Pass
Interior Bearing Walls Fire-Resistance 
Rating Required (IBC 601) 0 1 Pass
Interior Non-bearing Walls Fire-
Resistance Rating Required (IBC 601)
0 0 Pass
Floor and Roof Construction Fire-
Resistance Rating Required (IBC 601)
0 0 Pass
Interior Exit Stairway Fire-Resistance 
Rating Required (IBC 1023.2)
1 1 Pass
Required Fire-Resistance Rating 
Requirement for Exterior Walls (IBC 
Table 602) Based on Fire Separation 
Distance of Greater Than 30 feet
0 2 Pass
Interior Exit Stairways and Ramps and 
Exit Passageways Finish Required (IBC 
803.13 - Sprinklered)
B A Pass
Corridors and Enclosure for Exit Access 
Stairways and Ramps Finish Required 
(IBC 803.13 - Sprinklered)
C A Pass
Rooms and Enclosed Spaces Finish 
Required (IBC 803.13 - Sprinklered)
C B Pass
Actual Finish Interior Exit Stairways 
and Ramps and Exit Passageways
Actual Finish Corridors and Enclosure 
for Exit Access Stairways and Ramps




Note: The more stringent requirement from the two (2) occupancies B and S-1 has been used.
Actual Exterior Walls Fire-Resistance 
Rating
Building Information 
Actual Exit Stairway Fire-Resistance 
Rating
Actual Separation of Occupancies 
B and S-1
Actual Exterior Bearing Walls Fire-
Resistance Rating
Actual Interior Bearing Walls Fire-
Resistance Rating
Actual Interior Bearing Walls Fire-
Resistance Rating
Actual Floor and Roof Fire-Resistance 
Rating
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Figure 43 - Structural Elements 1st Floor (2nd Floor Framing Plan) 
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Figure 44 - Structural Elements 2nd Floor (Roof Framing Plan) 
 
 
The Art ‘n Motion design strategy was to follow prescriptive codes only, no performance based 
fire protection analysis was considered.  The prescriptive codes are primarily occupancy based.  
Though the building is adequate per IBC requirements, the design does not take the unique use of 
the building into consideration by using a more performance based design.  One structural fire 
protection strategy that the building fails to use is compartmentation.  The 1st floor is open to the 
2nd floor as shown on the building’s layout plans, this also creates less compartmentation to the 
point where the whole building is almost one open area.  Because of the lack of compartmentation 
all the fuel loads are open to one another and a traveling fire is likely to occur.  Compartmentation 
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of the garage area by adding fire rated walls and floor assemblies would separate that area from 
the rest of the building and stop the immediate spread of a fire and resulting high gas temperatures. 
The only compartmentation is the egress stairwell.  The stairwell is surrounded by 1-hour fire rated 
walls allowing for extra time in case of egress from the 2nd floor is needed.  This building was 
designed to not have the expectation of standing for unlimited amount of time during a fire, but a 
reasonable amount of time in order to allow for escape. 
7.1 Building Components 
Section 7.1 overviews each main structural component and material in the building.  This section 
is a summary for the key elements present, for more details refer to the structural drawings sheets 
S-1 through S-12 in the Fire Protection Drawings in Appendix A.  
7.1.1. Concrete Construction 
The concrete utilized in construction is Ordinary Portland Cement, meeting the testing standards 
of ASTM C150.  All concrete is normal weight with a 28 day compressive strength for the 
following components: 
 Footings – 3,000 psi 
 Slabs on grade – 3,000 psi 
 Slabs above grade – 3,000 psi 
 Walls – 4,000 psi 
 Precast Concrete – 5,000 psi 
The reinforcing steel for the concrete is ASTM A615 grade 
7.1.2. Structural Steel 
Structural steel components throughout the building meet the following specifications: 
 Structural steel – ASTM A36 
 Hollow Structural Steel (HSS) – ASTM A500 
 Angles – ASTM A36 
 Plates – ASTM A36 
 Structural Bolts – ASTM A36 
 Anchor Bolts – ASTM f1554, Grade 36 
 Washer – ASTM F436 
 Nuts – ASTM A563, Grade “A” 
 Welds – AWS, Series E70XX 
7.1.3. Columns 
Columns used throughout are Hollow Structural Steel (HSS).  All HSS Columns are size 8” x 8” 
x ½”.  The columns are secured to a pre-poured concrete footing with four (4) ¾” x 12” steel 
anchor rods.  Refer to column detail below.  
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Figure 45 - Column Detail 
7.1.4. Steel Framing 
Structural steel throughout building consists of both structural steel beams and open web joist.  
The structure of the second floor (1st floor ceiling) consists of exposed structural wide flange steel 
beams throughout. There are a wide variety of sizes used in the building ranging from W27x129 
to W16x26.  The main focus in this analysis will be the garage area on the first floor which uses 
W24x55 structural beams spaced at 8 feet apart.  The steel beams are secured to the load bearing 
exterior walls by embedding a structural steel plate and erection seat in the poured concrete that 
has a shear tab beam connector, see detail below.  
 
Figure 46 - Beam to Wall Connection 
 
See figure below for typical beam to beam connection using shear tab and securing bolts. 
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Figure 47 - Beam to Beam Connection 
 
The roof framing plan (2nd floor ceiling) consist of a girder and open web joist strategy.  The 
joist are secured to the exterior walls by using a concrete tie beam embedded in the poured 
concrete walls, see detail below.   
 
Figure 48 - Joist to Wall Connection 
 
The joist that run vertically (plan north and south) throughout for the roof framing are supported 
in the middle of the building by a girder that runs horizontally through the building, and is 
supported by the HSS columns and exterior load bearing walls.  See details below for joist to 
girder connection and girder to wall connection.  
 
Figure 49 - Joist to Girder Connection 
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Figure 50 - Girder to Wall Connection 
7.1.5. Exterior Walls 
Exterior walls throughout the building are load bearing and are used to support structural steel as 
shown in previous sections.  All exterior walls have a fire rating of 2-hour, per IBC Table 601 a 2-
hour rating is required.  Starting at grade, the exterior concrete walls use a poured concrete footing 
reinforced with #5 reinforcing bar.  Up from the footing the wall is poured concrete at 8 inches 
thick.  The exterior wall also consists of a brick veneer, which provides no structural support, it is 
just for aesthetic purposes.  The poured concrete wall is also reinforced with #5 reinforcing bar. 
See detail below for typical exterior wall.  
 
Figure 51 - Typical Exterior Wall 
 
Poured concrete with #5 reinforcing bar is used up to the slab of the second floor.  After that it 
switches to 8 inch masonry block wall with #5 reinforcing bar, see detail below for transition.  
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Figure 52 - Concrete to Masonry Block Transition 
 
7.1.6. Interior Walls 
The interior walls of the building consist of both combustible and non-combustible construction.  
The walls surrounding the exit stairway, electrical room, and elevator consist of masonry block 
construction.  These walls are 1-hour fire rated,  per IBC Table 601 no fire rating is required .  The 
walls are 8” thick and use #5 reinforcing bar, see detail below.  
 
Figure 53 - Interior Masonry Block Wall 
 
Interior walls used for the office and conference room partitions consist of gypsum board 
construction with no structural or fire resistance, and filled with sound attenuated insulation, see 
detail below for wall type.  
 
Figure 54 - Interior Office Partition Wall 
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The interior walls that are routed horizontally throughout the middle of the building are also of 
gypsum board construction with interior metal studs and filled with sound attenuated insulation.  
They provide no structural or fire resistance. See detail below for wall type.  
 
 
Figure 55 - Interior Wall 
7.1.7. Floor and Roof Design 
The ground floor or bottom slab consist of poured concrete with a vapor barrier to the foundation.  
The concrete slab utilizes welded wire fabric embedded in the poured concrete, see detail below.  
 
Figure 56 - Ground Floor Concrete Slab 
 
The 1st floor deck and roof deck both consist of a ribbed steel deck that is 20 gauge steel at 2 inches 
high.  The decking is the secured to the structural members using metal studs.  Concrete is then 
poured with embedded welded wire fabric on top of the metal decking, see details below.  
  
Figure 57 - Metal Decking 




   Page 55 of 98  
7.1.8. Buttress Design 
This building is unique in that it has large buttresses on the exterior of the building.  These can be 
seen in Figure 1, which shows the exterior of the building. The buttresses utilize a HSS10X10 
structural member and are secured to the exterior of the building.  See details below of buttress 
framing and footing plan.  
 
Figure 58 - Buttress Details 
  
Buttress have been utilized in the past for reinforcing walls and are common in older or ancient 
buildings.  Structures in the past used heavy structural members which created lateral forces on 
the structural elements below it.  Buttresses where used for braces for these lateral forces.   As 
these large lateral forces do not exist for this building, these buttresses are used or were designed 
for aesthetic purposes only and provide no structure support to the exterior walls.   
7.1.9. Door Openings 
The building has both rated and non-rated door openings.  All doors, excluding the larger entry or 
garage doors, have dimensions of 3’ by 7’ and are 1-3/4” thick.   Primarily non-rated doors are 
used throughout the building including office doors, doors between occupancies, and doors into 
and out of the building and consist of wood and steel construction.  The fire rated doors used in 
the building have a fire resistance rating of 60 minutes.  These doors are located at the fire rated 
wall egress points, this includes the doors into the fire-rated stairwell as well as exits from the 
stairwell, and the door of the electrical room.  The fire rated doors consist of steel construction and 
steel door jam and header and are equipped with an automatic closer.  Locations of fire-rated doors 
indicated in Figure 43 and Figure 44. 
7.2 Structural Analysis Summary 
The Art ‘n Motion building is designed for Type III-B construction.  Type III-B construction 
consists of structural members with no fire ratings or added fireproofing, besides the external load 
bearing walls.  All structural members are constructed of non-combustible materials.  The walls 
and floor assemblies between the storage and business occupancies consist of walls with no fire 
resistance.  The structural building code analysis summary that is located in Table 11 indicates the 
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Art ‘n Motion building passed the key requirements listed from IBC.  While the building did pass 
the key preceptive requirements, the Art ‘n Motion design strategy was to follow prescriptive codes 
only, no performance based fire protection analysis was considered.  The prescriptive codes are 
primarily occupancy based.  Though the building is adequate per IBC requirements, the design 
does not take the unique use of the building into consideration by using a more performance based 
design.  
8.0 Fire Safety Management Plans and Procedures 
Per Section 907.8.5 of the IFC the building owner shall be responsible to maintain the fire and life 
safety systems in an operable condition at all times.  The building owner should have familiarity 
with all of the fire systems and follow a testing, maintenance, and inspection schedule of the fire 
systems.  A testing, maintenance, and inspection summary for this building is listed in section 8.6 
and 8.7.  The owner shall be trained and train supporting staff in the procedures and practices in 
section 8.1 and 8.3.  It is recommended that the owner hire a contractor for the testing, 
maintenance, and inspection of the fire systems in the building.  This contractor shall provide a 
schedule testing, maintenance, and inspection frequency and records of the inspection, testing, and 
maintenance shall be maintained and shared with the building owner.  
8.1 Training  
Training for owner and supporting staff shall be done to ensure good practices are being performed 
and that staff is trained on what to do in the event of a fire.  Owner and staff shall be trained in the 
following: 
1. Evacuation procedures in the event of a fire. 
 Staff shall be familiar with and receive a copy of the egress plan.  
 Staff shall know location of all egress points and primary and secondary exits.  
2. Housekeeping practices 
 Staff shall be familiar and follow the good housekeeping practices listed in the 
next section.  
3. Ensuring inspection and maintenance is up to date.  
 Staff shall be familiar on inspection and maintenance procedures of fire 
protection equipment and ensure items are up to date See Section 8.6 and 8.7. 
4. How to communicate with fire department and monitoring company.  
 Authority Having Jurisdiction (AHJ):  St. Johns County Fire Marshal Office 
(904) 209-1740 
 Responding Fire Station: St. Johns County Fire Rescue Station #14 (904) 209-
1700 
 Fire Alarm Monitoring Company: Cintas Fire Protection (904) 525-8299 
5. Operation of fire alarm system.  
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 Staff shall be familiar on how to operate Fire Alarm Control Panel (FACP) 
and how to read device addresses.  Also, how to distinguish between trouble, 
supervisory, and alarm signals.  
 How to operate the FACP in “drill” mode.  
 How to reset the panel. Panel cannot be reset until by staff/owner without 
approval of AHJ or fire department.  
6. Operation of fire sprinkler system. 
 Staff/owner shall be familiar with how fire sprinkler system operates.  How 
the system is constantly under pressure and how there is constantly water in 
the sprinkler pipes. Staff shall be familiar on how a sprinkler activates.  Staff 
shall be familiar of location of shutoff valve in the case of accidental 
discharge.  
7. Holding of fire drills.  
 Fire drills shall be used to ensure that the owner and staff is familiar with the 
procedure in the event of a fire and can adequately guide guest or people 
unfamiliar with the building in the exit procedures.  The fire drill shall be 
communicated and planned in tandem with the local fire marshal.  Fire alarm 
drills shall be performed with the activation of the Fire Alarm system using 
the “drill” setting on the panel.  This allows a drill to be performed without the 
alarm signal being sent out to a monitoring company or fire station.  
Designating a pre-determined remote location shall be incorporated into the 
drill and used in future drills for familiarity in the event of a fire.  
8.2 Procedures 
The owner and staff shall be trained and familiar with the following procedure in the event of a 
fire: 
1. If possible close the door to the room where the fire is located. This 
compartmentalizes the fire to a smaller area.  
2. Activate the closet pull station.  Pull stations are located at each exit and entrance to 
the stairwells.  
3. Call 911 immediately and provide sufficient information.  
4. Assist injured personnel.  
5. Exit the building.  
6. Use fire extinguisher only if it safe to do so and if you have been adequately trained.  
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7. Do not use elevators in the event of fire.  It is recommended that the owner post signs 
at elevator to indicate this. 
 
8. Assemble personnel in a predesignated remote location. 
9. Ensure all personnel are accounted for and provide information to emergency 
services.  
10. Stay away from building until it is safe to return. 
8.3 Good practices and housekeeping 
The following good practices and procedures shall be followed: 
 Clear trash at least once a day. 
 Ensure building is kept clutter free. 
 Do not block passageways or exits. 
 Ensure hot-work or welding is done with proper procedures and not in the vicinity of 
flammable or combustible liquids. 
 Control dust in workshop area 
 No smoking in the building. 
 Keep dry landscaping or brush separated from exterior of building.  
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 Limit combustible materials within the building.  
 Keep materials and shelving at least 18” away from sprinkler heads.  
 Do not block or disconnect fire alarm devices. 
 Keep access to building and FDC connections clear at all times to allow for fire 
department access 
8.4 Fuel Management 
Two (2) hydrocarbon fuels are present in the garage area, gasoline, and ethanol.  Below are the 
fuel properties use to classify and ultimately determine the allowable amounts of the fuel permitted 
in the building.  If new additional fuels are stored in the building the owner shall use the same 
process listed to classify the fuels and determine the maximum allowable amount, or contact a fire 
protection engineer to perform an analysis.  
 
Table 12 - Fuel Summary 
 Gasoline Ethanol 
Flash Point -43℃  / -45℉ 22℃  / 72℉ 
Boiling Point 33℃  / 91.4℉ 78℃  / 172℉ 
 
NFPA 30: Flammable and Combustible Liquids Code is then used to classify the liquids based on 
their flash point and boiling point.  Section 4.3 of NFPA 30 list the different flammable and 
combustible liquids classifications. 
 
 
Per NPFA 30 Gasoline is classifed as a IA flammable liquid and ethaonal is classfied as a IB 
flammable liquid.  IBC then limits the maximum allowable quantites of liquids based off of the 
classsifcations from NFPA 30.  The building is equipped with a fire sprinkelr system, so according 
to footnote “d” of Table 307.1 the maximum allowable quantities shall be increased by 100%.  
Summary of the fuel classficiation and the maximum allowable quantities  
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Table 13 - Maximum Allowable Quantity Summary 
 Gasoline Ethanol 
Flashpoint -43℃  / -45℉ 22℃  / 72℉ 
Boiling Point 33℃  / 91.4℉ 78℃  / 172℉ 
Liquid Classification 
Per NFPA 30 IA IB 
Allowable Quantities 
Per IBC Table 307.1 60 gal 240 gal 
8.5 Sequence of Operations 
The following shows the sequence of operations of the fire alarm system.  The owner and staff 
should be familiar with the input signals and the resulting outputs.  
 
Table 14 - Fire Alarm Sequence of Operations 
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8.6 Fire Alarm System Maintenance and Inspection Summary 
Below is a summary of the inspection, testing, and maintenance frequency of the fire alarm system.  
The inspection, testing, and maintenance for the Art ‘n Motion fire alarm system and components 
shall follow NFPA 72 Chapter 14 for guidance and shall be done in accordance with NFPA 72 and 
the manufacturers recommendations.  
 
Table 15 - Fire Alarm Inspection, Testing and Maintenance Summary 
 
8.7 Fire Sprinkler System Maintenance and Inspection Summary 
Below is a summary of the inspection, testing and maintenance frequency of the fire sprinkler 
system.  The inspection, testing, and maintenance for the Art ‘n Motion sprinkler system and 
components shall follow NFPA 25 for guidance and shall be done in accordance with NFPA 25 
and the manufacturer recommendations.  The fire extinguishers shall be visually inspected monthly 
by the owner/staff, which consists of checking for visual damage, checking pressure gauge, ensure 
pin is in correct position, and verify date of annual inspection.  The owner shall hire a professional 
fire protection company to perform the required annual maintenance. 
  























































































































































Inspection, Testing, and Maintenance Frequency
A B C D E F G H I J K L M
Fire Suppression Equipment 
1 FDC l 1
2 Backflow Preventer l l l 2
3 Hydrant l l l 3
4 Gauges l l 4
5 Sprinklers l l l 5
6 Pipe and fittings l 6
7 Check Valve l l 7
8 Control Valve l l l 8
A B C D E F G H I J K L M
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8.8 Fire Safety Management Summary 
The building owner shall be responsible to maintain the fire and life safety systems in an operable 
condition at all times.  The building owner should have familiarity with all of the fire systems and 
follow a testing, maintenance, and inspection schedule of the fire systems.  A testing, maintenance, 
and inspection summary for this building is listed in section 8.6 and 8.7.  The owner shall be trained 
and train supporting staff in the procedures and practices in section 8.1 and 8.3.  It is recommended 
that the owner hire a contractor for the testing, maintenance, and inspection of the fire systems in 
the building.  This contractor shall provide a schedule testing, maintenance, and inspection 
frequency and records of the inspection, testing, and maintenance shall be maintained and shared 
with the building owner.  
9.0 Performance-Based Analysis 
A fire protection and life safety performance-based analysis was conducted to evaluate the Art ‘n 
Motion building.  A performance-based analysis can provide an alternative to prescriptive-based 
codes by stepping through a possible building fire scenario and the effect it would have on life 
safety.  This performance based analysis will specify fire safety objectives and determine if those 
objectives are achieved for specific fire hazards that could occur in the building.  The main 
objective for this performance-based analysis is life safety of the building occupants.  Specifically 
for NPFA 101 Section 4.1.1(1) to provide an environment for the occupants that is reasonably safe 
from the fire by the following means: protection of occupants not intimate with the initial fire 
development.  For the purpose of this analysis asset protection will also be reviewed, specifically 
a single car fire that could develop into a multiple car fire or cascading event.  The performance-
based analysis will focus on the showroom and office areas on the 1st and 2nd floor, and their 
occupants.  While the garage area was considered, it is somewhat isolated and a smaller space with 
minimal occupants and not occupied by  the general public.  The performance-based analysis will 
include an analysis of the Required Safe Egress Time (RSET) and the Available Safe Egress Time 
(ASET), a visual representation is shown in Figure 59. 
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Figure 59 - ASET vs. RSET 
 
ASET will be determined by specifying tenability criteria in the building, and fire scenarios to 
determine at what point in time those criteria are met.  The performance-based analysis includes 
the creation and evaluation of design fires or possible fire scenarios for the building, with guidance 
from the NFPA 101, and were input into FDS to model the specific scenarios.  The building will 
be considered to pass if the objective of safe egress of the occupants is achieved and the RSET is 
shorter than the ASET.  
9.1 FDS and Pyrosim 
The performance-based analysis for Art ‘n Motion will utilize Fire Dynamic Simulator (FDS) to 
simulate fire scenarios in the building.  FDS is a Computational Fluid Dynamic (CFD) model of 
fire-driven fluid flow.  The software solves numerically a form of the Navier-Stokes equations 
appropriate for low-speed, thermally-driven flow, with an emphasis on smoke and heat transport 
from fires.  For this analysis the software Pyrosim was used with FDS.  Pyrosis is a graphical user 
interface for FDS, that allows the viewer to interactively view and modify properties of the FDS 
model and code.  
9.2 Required Safe Egress Time (RSET) Analysis 
A timeline of events was produced to predict the RSET of the building.  This timeline will include 
the sum of specific egress time intervals or egress phases in the building.  The time intervals 
included and specified in the SFPE Handbook 5th Edition are: 
 Detection phase: td – Time from ignition of fire to detection. 
 Notification phase: tn – Time from detection to notification of occupants of a fire 
emergency.  
 Pre-evacuation phase: tp-e – Time from notification (or cue reception) until evacuation 
commences. 
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 Evacuation Phase: te – Time from Start of purposive evacuation movement until 
safety is reached.  
This section will step through each phase and the assumptions made to determine reasonable time 
interval.  The sum of the time intervals will be the RSET used for the analysis, RSET = td + tn + tp-
e + te. 
9.2.1. Detection and Notification phase 
Art ‘n Motion is equipped with an automatic sprinkler system and manual detection in the form of 
manual pull stations at all the exit doors and into the stairways.  Art ‘n Motion is not equipped 
with automatic detection in the form of smoke detectors or heat detectors, devices that typically 
provide earlier detection than a sprinkler system.  Alarm notification activation would occur by 
activation of a manual pull station, or activation of the waterflow switch caused by sprinkler 
activation and subsequent flow of water.  A component to be considered for the RSET analysis is 
the building’s architecture.  The Art ‘n Motion building is not a vast space and only consists of 
two (2) floors.  The architectural design is also open with little compartmentation.  An occupant 
for the most part standing on one side of the building can see the entire floor; because of this 
feature it would be much easier for an occupant to see the fire or resulting smoke. Additionally, 
there are large windows on the wall between the garage area and showroom, that would allow for 
the occupants in each area to see into each space, see Figure 60. 
 
 
Figure 60 - View In-between Showroom and Garage 
 
When an occupant can see the incident or can see smoke, the detection and notification phase time 
greatly decreases, because the occupant can actually see the danger rather than just responding to 
an alarm.  It is assumed that the occupants of the building would become aware of the fire and 
smoke and activate a manual pull station, or alert other occupants of the fire, before sprinkler 
activation could occur.  
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Because the building is small and has an open floor plan it will be assumed that occupants become 
aware of the fire via seeing it visually or becoming aware of the smoke quickly.  A time of 60 
seconds has been assigned to the detection and notification phase, td&n. 
9.2.2. Pre-Evacuation Phase 
Guidance from the NPFA Fire Protection Handbook Section 4 was used to determine an 
appropriate pre-evacuation time for the building.  Pre-evacuation time includes the time that lapses 
while the occupant is preparing to leave or seek refuge.  This can also be called pre-movement 
time, because it is the time before an occupancy actually begins moving towards an exit.  Pre-
evacuation time can include items such as alerting other occupants, gathering belongings, 
shutdown a system or computer, and other items that cause a delay before the occupant actually 
starts moving towards an exit.  For pre-evacuation time there is not an accepted modeling 
technique, studies and research have been done by observing actual time in drill scenarios for 
different types of buildings.  Delay time data was used from the NFPA Fire protection Handbook 
Table 4.2.1, shown below, that most closely resembles the Art ‘n Motion building.  The assumption 
was made that the data from a mid-rise office building would best represent the Art ‘n Motion 
building and the median value of 36 seconds.  A time of 36 seconds was assigned to the pre-
evacuation time for this analysis, tp-e = 36 seconds. 
 
Table 17 - Pre-evacuation Times 
 
9.2.3. Evacuation Phase 
This section will include the analysis of the evacuation time at the Art ‘n Motion Building.  Section 
3 Chapter 14 of the SFPE Handbook 5th edition was used for guidance.  For determining the 
evacuation time this analysis used the strategy of using the egress time at the choke points, or 
where occupants would not be able to freely move unimpeded as the controlling factor.  The 
controlling factor for evacuation time will be the evacuation from the showroom and business 
space on the 2nd floor.  Occupants from the 1st floor have many exits to choose from and are 




   Page 66 of 98  
quicker to be intimate with the fire; therefore, will be alerted sooner and have more adequate egress 
points.  
 
It will be assumed that all the occupants in the showroom and business area on the 2nd floor will 
travel to the east stairway exit to egress from the building, and not cut through the general storage 
occupancy to exit out of one of the exits in that space.  The east exit is the most apparent exit and 
occupants, unless familiar with the building, would be less likely to egress through the general 
storage area.  To get to the 2nd floor occupants either took the elevator or stairway.  Occupants tend 
to exit in the most familiar path which would be the way they entered the floor,  which is most 
likely the east stairway.   Exit signs indicate exit is available through the storage area, but to analyze 
the worst case scenario just the exit of the east stairwell was considered.  
 
The area shown in Figure 61 in red is the area of concern, and the door highlighted in green is the 
exit in use.  The evacuation calculation will include the all the occupants in the area of concern, 
calculated to be 71 occupants in the OLF calculation of this report.  The choke point is when 
queuing occurs at the door specified, or the stairwell once through the door, whichever is 
determined to have less capacity. Once into the stairwell an occupant will be considered to be safe.  
 
 
Figure 61 - Egress Area of Concern 
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The steps used for the calculation are shown below: 
 
1. Effective Widths of Stairway and Exit Door. 
Stairway Width= 60 inches 
Effective Width, We = 60 inches – 12 inches = 48 inches (4 feet) (Table 3-14.1 of SFPE 
Handbook) 
Exit Door Width= 36 inches 
Effective Width, We = 36 inches – 12 inches = 24 inches (2 feet) (Table 3-14.1 of SFPE 
Handbook) 
2. Estimate flow capacity Stairwell 
Stairway We = 48 inches (4 feet) 
Stairway Riser = 7 inches 
Fsm = 18.5 persons/min/ft (Table 3-14.5 of SFPE Handbook) 
Fsm = Fs 
Fs x We = flow capacity (persons/min) 
18.5 x 4 = 74 persons/min 
3. Estimate flow capacity Door 
Stairway We = 24 inches (2 feet) 
Doorway Fsm = 24 persons/min/ft (Table 3-14.5 of SFPE Handbook) 
Fsm = Fs 
Fs x We = flow capacity (persons/min) 
24 x 2 = 48 persons/min 
4.  Evacuation Time 
Calculated above is the flow capacity of the stairs, 74 persons/min, and the flow capacity of the 
exit discharge door, 48 persons/min.  The flow capacity of the exit discharge door will be the 
limiting factor because it has less capacity than the stairs.  The number of occupants on the 
showroom and business space on the second floor, according to the occupant load factor 
calculation is 71 occupants.  The estimated time of evacuation for the 71 occupants on the second 
floor is at a rate of 48 persons/min is 90 seconds, te = 90 seconds. 
9.2.4. Final Result 
In Table 18 below list the final results for each phase, the sum of the time intervals is equal to 
RSET. 
 
Table 18 – RSET Summary 
td&n tp-e te RSET 
60 s 36 s 90 s 186 s 
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9.3 Available Safe Egress Time (ASET) Analysis  
ASET is defined as the time until fire-induced conditions within a building become untenable. 
ASET was determined in this performance-based analysis by modeling the design fires specified 
in Section 9.4 and determined when certain tenability conditions were reached.  Table 19 list the 
tenability criteria for this building and the source or referenced code. 
 
Table 19 - Tenability Criteria 
Criteria Tenability Limit 
Reference/Code 
Section 
Visibility 10 meters 
SFPE Handbook 




5th Edition III-63 
pg. 2419 
 
Once the tenability criteria of a visibility of 10 meters or less is reached,  the ASET was 
determined.  Occupants require proper visibility to adequately and safely find and exit and be able 
to travel to that exit.  At the 10 meter value used, anything below that is considered an unsafe 
egress condition.  The 10 meter value is also the value at which most exit signs can be seen, 
anything below that an occupant could not properly identify an exit [1].  
 
Once the tenability criteria of a temperature of 60°C or more is reached,  the ASET was 
determined.  The highest temperature at which air can be breathed and not cause issues is 60°C 
[1]. 
9.4 Design Fire Scenarios 
In order to analyze a performance design two (2) different design fire scenarios were created, with 
guidance from NFPA 101.  NFPA 101 Section 5.5 specifies eight (8) different design fire scenarios 
that could be used for a performance based design.  For this project design fire scenario #6 (section 
5.5.3.6) was chosen as the template for the design fire scenarios in this analysis.  Design fire 
scenario #6 is described as the most severe fire resulting from the largest possible fuel load 
characteristic of the normal operation of the building, as well it addresses the concern regarding 
rapidly developing fire with occupants present.  
 
The two (2) design fire scenarios for this analysis include a hydrocarbon pool fire resulting from 
a spill of the fuel present in building, and a car fire.  Both fires will be located on the ground floor 
of the showroom, centrally located under the opening to the second floor.  This location was used 
because it is the worst case scenario for occupants located on the 2nd floor.  It has been determined 
that the longest egress time is occupants located on the 2nd floor, not immediately intimate with 
the fire.  These occupants would not be alerted as soon as occupants on the 1st floor and have a 
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less exits to choose from.  A fire on the first floor centrally located in the opening to the second 
floor would result in smoke and heat immediately collecting at the ceiling of the 2nd floor.  See 
Figure 62 below of area of concern.  
 
 
Figure 62 - Design Fire Area 
9.4.1. Design Fire #1 Hydrocarbon Pool Fire 
Design Fire #1 will take place in the showroom area located on the 1st floor.  Design Fire #1 will 
consists of a pool fire of one (1) of the hydrocarbon liquid fuels that could be present in this area.  
The two (2) hydrocarbon fuels present in the area are gasoline and ethanol.  This analysis will also 
look at the difference between a spill that has containment and the resulting pool fire, as well as a 
pool fire with containment that would result from the use of fuel catch pans.  
 
The first step in the analysis of Design Fire #1 will include the classification and determination of 
the allowable quantities of fuel in the garage area.  The first step in classifying the liquids is to 
determine the liquid’s flashpoint and boiling point shown in Table 20.  The data shown in is from 
the SFPE Handbook [1].   
 
Table 20 - Fuel Properties 
 Gasoline Ethanol 
Flash Point -43℃  / -45℉ 22℃  / 72℉ 
Boiling Point 33℃  / 91.4℉ 78℃  / 172℉ 
 
NFPA 30: Flammable and Combustible Liquids Code is then used to classify the liquids based on 
their flash point and boiling point.  Section 4.3 of NFPA 30, shown below in Figure 63, list the 
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different flammable and combustible liquids classifications [2].  Per NPFA 30 Gasoline is classifed 
as a IA flammable liquid and ethaonal is classfied as a IB flammable liquid.  IBC then limits the 
maximum allowable quantites of liquids based off of the classsifcations from NFPA 30.  According 
to IBC Table 307.1 the max allowable quantitiesd for a class IA flammable liquid is 30 gal. and a 
class IB flammable liquid is 120 gal.  Also according to footnote “d” of Table 307.1 the maximum 
allowable quantities shall be increased by 100% if the building is equipped with an automatic 
sprinkler system throughout [3].  With the building being sprinklered, the final maximum 
allowable quatities are 60 gal. of gasoline and 240 gal of ethanol.  The compiled classification data 
for both gasolsine and ethanol is shown below Table 21. 
 
 
Figure 63 - NFPA 30 section 4.3 
 
Table 21 - Fuel Classification 
 Gasoline Ethanol 
Flashpoint -43℃  / -45℉ 22℃  / 72℉ 
Boiling Point 33℃  / 91.4℉ 78℃  / 172℉ 
Liquid Classification 
Per NFPA 30 IA IB 
 
In general the fuel is kept in the NASCAR garage area.   Fuel stored in the garage area is stored in 
5 gallon storage containers, shown in Figure 64 - Storage Container.  When fueling a car in the 
show room area or moving fuel between the occupancies it is done in 5 gallon containers.   
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Figure 64 - Storage Container 
 
Design fire #1 will result from a fuel spill from one (1) of the 5 gal. storage containers and the 
resulting pool.  To get an accurate representation of a pool fire in the garage area, how the fuel 
spills and accurate pool properties are important.  The area of the pool fire will be determined by 
first finding the approximate thickness of the pool then using a total volume of 5 gal.  A large 
amount of research has been done to determine the pool characteristics of a hydrocarbon spill.  
What the overall research shows is that spill and pool characteristics rely on multiple factors such 
as type of fuel, amount of fuel, surface fuel is split onto, and many more.  This analysis will include 
the research from the research group Gottuck, Mealy, and Benfer, who compiled data from 
multiple spill experiments and came up with a general “rule of thumb” standard for determining 
area of pool per unit of volume of a hydrocarbon fuel.  Shown in Figure 65 below are the standards 
they came up with, for this pool the less than 25 gallon area per unit volume will be used  [4].  In 
Table 22 shown below is the resulting diameter of a pool from a 5 gal. spill using the rule of thumb 
standards from the research.  
 
 
Figure 65 - Area per unit volume 
 
 












5 285 19.05 5.81 
 
Illustrated in Figure 66 is the resulting pool from a 5 gal. spill of one (1) of the hydrocarbons.  The 
spill has a diameter of approximately 19 ft. and an area of 284 sqft. 
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Figure 66 - Resulting pool from 5 gal. spill 
 
The next step in the analysis of design fire #2 is determining the fuel characteristics of the gasoline 
and ethanol.  The compiled fuel data from the SFPE Handbook is shown in Table 23 [1].  
 
Table 23 - Fuel Fire Properties 
 Gasoline Ethanol 
Density 740 kg/m3 794 kg/m3 
hc 43,700 kJ/kg 26,800 kJ/kg 
𝒎"̇ ∞ 0.055 kg/m2*s .029 kg/m2*s 
 
Now that the pool characteristics and all of the fuel characteristics have been determined the heat 
release rate produced from the pool fire can be calculated.  This is done by using Equation 1 below 




The results from the heat release rate calculations from a 5 gal. spill and 284 sqft. pool fire of 
ethanol and gasoline are shown below in Table 25.  As shown the resulting HRR from gasoline is 
approximately triple the heat release rate of the ethanol, this is due to the comparatively higher 
mass loss rate per unit area and higher heat of combustion of gasoline which are shown in Table 
23. 
 
Table 24 - Pool Fire Properties 
 Gasoline Ethanol 
HRRPUA 2403.5 kW/m2 777.2 kW/m2 
Area Pool 26.48 m2 26.48 m2 
HRR Pool Fire 63,644 kW 20,580 kW 
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Also, for this analysis a heat release rate analysis was also done for a spill of the 5 gal. storage 
container into a pan or a diked area.  It is typical in some garages that fuel storage containers are 
placed in a pan, where if the contents were to spill they would be contained inside of the pan, 
location of contained pool shown in Figure 67. 
 
 
Figure 67 - Pan Fire 
 
This strategy is currently not used by Art ‘n Motion.  As shown in Table 25, the calculated HRR 
for an pool fire with no containment is approximately 26 time greater or more intense than a fuel 
pool fire in a catch pan, a one meter by one meter catch pan was used for this analysis.  The 
performance based analysis will also focus on gasoline as it was found to produce the most intense 
fire.    
 
Table 25 - HRR Values 
 Gasoline Ethanol 
HRRPUA 2403.5 kW/m2 777.2 kW/m2 
Area Pool 26.48 m2 26.48 m2 
HRR Pool Fire 63,644 kW 20,580 kW 
Area Pan 1 m2 1 m2 
HRR Pan Fire 2403.5 kW 777.2 kW 
 
Another important factor in the performance based analysis is pool burning duration. To find 
burning duration Equation 2 shown below from the SFPE handbook was used [1].  Since the pool 
fire is very thin, approximately 0.7mm, the burn duration time will be minimal.  If the assumption 
was made for a thicker pool by using a pan fire scenario the burn duration goes up as shown.  The 
results from the burn duration calculations are shown in Table 26.  Ethanol in this scenario has an 
approximately double burn duration time of that of gasoline primarily because of a smaller mass 
loss rate per unit area compared to gasoline.  The performance based analysis will include data for 
the uncontained pool fire, but will primarily focus on the pan fire.  With a burning duration of 
approximately 10 seconds the pool with no containment will be a very short and intense fire.  








Table 26 - Fuel Burn Duration 
 Gasoline 
𝒕𝒃𝒖𝒓𝒏𝒊𝒏𝒈(Pool Fire) 9.7 s 
𝒕𝒃𝒖𝒓𝒏𝒊𝒏𝒈(Pan Fire) 273.0 s 
 
The products of combustion were included in this analysis. The combustion yields are shown 
below in Table 27, from Table A.39 of the SFPE Handbook [1].  As shown ethanol is a cleaner 
burning fuel and does not release as much soot and toxics into the environment.  
 







9.4.2. FDS Setup Pool Fires 
Below in Figure 68 is the FDS setup for the pool fire with no containment, and in Figure 69 is the 
FDS setup for the pool fire with containment.  The red square on the ground floor is the “burner” 
in the model and will be assigned the heat release rate and fuel properties detailed in the last 
section.  The objects highlighted in the blue box are the detectors in the model used for gathering 
the data of temperature and visibility.  These detectors have been placed on the 2nd floor east 
walkway 5 feet 6 inches above the floor offices, which represent the height of a standing  person.  
The detector location is considered the worst case scenario because they are centered with the fire 




(Hydrocarbon data use) Ethanol 
𝒀𝑪𝑶𝟐  2.64 g/g 1.77 g/g 
𝒀𝑪𝑶 0.0019 g/g 0.001 g/g 
𝒀𝒔 0.059 g/g 0.008 g/g 
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Figure 68 - FDS Setup Pool Fire No Containment 
 
 
Figure 69 - FDS Setup Pool Fire With Containment 
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9.4.3. Design Fire #2 Showroom Vehicle Fire 
Design Fire #2 will consists of a vehicle fire in the vehicle showroom located on the first floor 
with dimensions of 2-meters by 4-meters, location shown in Figure 70.  
 
 
Figure 70 - Design Fire #2 Location 
 
The next step in the Design Fire #2 analysis is to quantify the heat release rate of the vehicle fire.  
The heat release rate curve and characteristics of a vehicle fire rely on many different factors.  
These factors include the weight, size, materials, year built, and use of the vehicle.  With all of the 
different combinations of these factors it is hard to exactly quantify the HRR and burning 
characteristics of a vehicle fire.  The heat release rate data gained from experimental testing of 
vehicle fires seems to follow general trends but no data is exactly like the next from vehicle to 
vehicle.  In the research by Zaharirasi, Tohir, and Spearpoint they attempted to quantify these 
trends [5].  They did this by combining the research performed by other industry experts of past 
vehicle fire experiments and finding the trends or averages in these experiments.  The research 
group found the governing factor in the burning characteristics of vehicle fire is the vehicles 
weight.  The research group then took each vehicle tested and classified them into 1 of 7 categories 
based on their weight, shown below in Table 28 
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Table 28 - Car Weight Classifications 
 
 
Once each vehicle fire experiment was assigned a classification the data from each group was then 
combined and analyzed. shown in Table 29 is the number experiments in each classification, with 
a total of 34 experiments used in this research.  
 
Table 29 - Number of Experiments 
 
 
The research paper included the heat release rate curves from each of the experiments, the results 
from the heat release rate curves for each classification shows every vehicle reacts differently in 
the experiments, even though some of these vehicles are classified in the same group and have 
similar characteristics.   The end goal of this research was to take all of the experiments and find 
the trends or averages and use these trends and averages as an approximate representation of a fire. 
The two (2) main data outputs from the experiment that are used for analyzing the fire are peak 
heat release rate and time to peak.  
 
The Art ‘n Motion building has a wide variety of vehicles cycled in and out of the showroom.  So 
it is difficult to follow the trends or averages of a single classification of vehicle shown in the 
research. To represent a worst case scenario situation, but still using the averages of the 
experiment, the quickest time to peak average of 16.9 minutes of the mini classification was used, 
and the highest peak average heat release rate of the medium classification 6,850 kW was used, 
shown in Table 30.  Art n’ Motion primarily has 2-door and 4-door vehicles and does not have any 
SUVs or Multi-Purpose Vehicles, so the data for those will be left out of the calculations. 
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Table 30 - Summary of Car Data 
 Peak Heat Release Rate 
(kW) 
Time to Peak 
(min) 
Mini 3492 16.9 
Light 4509 19.6 
Compact 4144 37.8 
Medium 6843 37.2 
Heavy 3332 34.4 
Overall Average 4464 29.18 
 
To determine the products of combustion of a vehicle fire the combustible materials of the vehicle 
must be determined.  Stated before there is a wide variety of vehicles present at the Art ‘n Motion 
building so the exact composition of materials of the cars will differ.  The assumption will be made 
that the products of combustion will rely on the major combustible items on the vehicle.  This will 
include the plastic construction materials of ABS, polyethylene plastic, and polyurethane foam for 
the seats.  The compiled soot yield data from the SFPE Handbook [1], for all three (3) types of 
combustible materials is shown in Table 31.  The average soot data of the three (3) plastics will be 
used for modeling purposes and is calculated in yellow in Table 31.  
 
Table 31 - Byproduct Data 
 ABS Polyethylene 
Polyurethane 
Foam Average 
ys 0.105 g/g .06 g/g .131 g/g 0.0986 g/g 
Yco .024 g/g .031 g/g .01 g/g .0217 g/g 
Dhc 30.0  kJ/g 38.4 kJ/g 27.1 kJ/g 31.8 kJ/g 
 
The next step in the analysis of Design Fire #2 was to determine if the adjacent vehicles adjacent 
to the one on fire would ignite and what would be the proper spacing needed to prevent that from 
happening.  It can be assumed that the radiative fraction of the heat released from the first vehicle 
fire is approximately 0.3 or 30%, based off of a study performed by McCafferey [1].  In the 
experiment for the research “Flame spread and smoke temperature of a full-scale fire test of a 
vehicle fire” the research group analyzed a vehicle fire and the effect it had on a second adjacent 
vehicle [6].  The setup included two medium sized sedans approximately 0.8 m apart.  In this 
experiment the first item to ignite on the second vehicle was the tire.  For the analysis of Design 
Fire #2, the assumption will be made that a tire is the first item to ignite on the second vehicle.  
Using engineering judgment this seems like the most probably item to ignite, tires have a relatively 
low critical heat flux and will be exposed to the fire.  Tires are primary made up of the material 
Styrene-Butadiene Rubber (SBR), which according to the SFPE Handbook table A.35 has a critical 
heat flux of 5-10 kW/m2 [1].  FDS was than used to determine the heat flux at interval distances 
away from the car fire explained in this section, and at what distance and time the resulting critical 
heat flux of 10 kW/m2 would be reached.  
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The assumption has been made for Design Fire #2  that upon activation of a sprinkler, the fire will 
be controlled and the heat release rate will level out.  This assumption is supported by the research 
of the “Fire Spread in Car Parks” study performed by Building Research Establishment (BRE).  
The study looked at car fires in car parks that had sprinklers systems.  Out of the 162 fire scenarios 
that had sprinklers 16 (9.9%) operated and extinguished the fire, 84 (51.9%) operated and 
controlled the fire, 1 (0.6%) operated but did not control the fire, and 61 (37.6%) did not operate 
[7].  Figure 71 below is a visual representation of the data gathered from the research paper.  
 
 
Figure 71 - Sprinkler System Effectiveness Car Park Fire 
 
9.4.4. FDS Setup Car Fire 
Below in Figure 72 is the FDS setup for the car fire.  The red square on the ground floor is the car 
or “burner” in the model and will be assigned the heat release rate and fuel properties detailed in 
the previous sections.  The object highlighted in the blue box are the detectors in the model used 
for gathering the data of temperature and visibility.  These detectors have been placed on the 2nd 
floor east walkway 5 feet 6 inches above the floor offices, which represent the height of a standing  
person.  The detector location is considered the worst case scenario because they are centered with 
the fire and where the most heat and fire byproducts will accumulate on the 2nd floor.  The device 
in the red box is the sprinkler head.  The detectors in the orange box are heat flux gauges spaced 
0.5 m apart to measure the heat flux from the fire at varying distances and will be used to determine 
proper spacing between the cars.  
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Figure 72 - FDS Setup Car Fire 
 
9.5 Design Fire Scenario #1 Results and Analysis  
The results for the Design Fire #1 the pool fire with no containment scenario are detailed below.  
The previously calculated burn duration of the gasoline pool fire with no containment was 
approximately 10 seconds.  The FDS model was run for 30 seconds to allow for a better visual 
representation in the model.  Shown in Figure 73 is a screenshot from the model at 10 seconds 
displaying the resulting flame from the fire, and in Figure 74 is the resulting flame with the soot 
properties in the model turned on.  As shown a pool fire with no containment is a catastrophic 
event.  
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Figure 73 - Pool Fire No Containment Flame (10 seconds) 
 
 
Figure 74 - Pool Fire No Containment Flame and Soot (10 seconds) 
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Shown in Figure 75 is the heat release rate output of the pool fire with no containment.  As shown, 
at approximately 10 seconds in the heat release rate begins to level out at the previously calculated 
value of 64,000 kW.  
 
 
Figure 75 - Heat Release Rate Pool Fire No Containment 
 
As shown in Figure 76, the temperature detector from the pool fire has a peak temperature of 
approximately 1,000 °C.  The temperature of 60 °C used for the tenability criteria is immediately 
exceeded once the detector starts to measure the products of the fire.  This occurs in less than 5 
seconds.  Shown in Figure 77 is the slice file at 10 seconds into the model, as shown the 2nd Floor 
area sees temperatures exceeding 500 °C within 10 seconds. 
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Figure 76 - Temperature Detector Pool Fire No Containment 
 
 
Figure 77 - Pool Fire No Containment Temperature Slice File (10 Seconds) 
 
The second measured tenability criteria is visibility.  As shown in Figure 78, the visibility falls to 
almost zero or no visibility within 5 seconds, and below the 10 meter criteria almost immediately. 
In Figure 79 is the visibility slice file 10 seconds into the model, as shown visibility is not 
acceptable on the majority of the 2nd floor area.  
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Figure 78 - Visibility Detector Pool Fire No Containment 
 
 
Figure 79 - Pool Fire No Containment Visibility Slice File (10 Seconds) 
 
A pool fire resulting from a gasoline spill with no containment is a catastrophic event.  Shown in 
Table 32 is a summary of the results and the time to tenability criteria compared to the previously 
calculated RSET.  As discussed the tenability criteria is immediately exceeded.  A pool fire with 
a large area and a high heat release rate fuel subjects the occupants of the building to intense heat 
and soot almost immediately.  
 
 




   Page 85 of 98  






ASET < 5 s < 5 s 
RSET 186 s 186 s 
PASS / FAIL FAIL FAIL 
 
The results for the Design Fire #1 pool fire with containment scenario are detailed below.   Shown 
in Figure 80 is a screenshot from the model at 60 seconds displaying the resulting flame and soot 
from the fire. 
 
 
Figure 80 - Pool Fire With Containment Flame and Soot (60 Seconds) 
 
 
Shown in Figure 81 is the heat release rate output of the pool fire with containment.  As shown, 
the steady heat release rate is approximately 2,400 kW, the previously calculated value.  
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Figure 81 - Heat Release Rate Pool Fire With Containment 
 
As shown in Figure 82, the temperature detector from the pool fire has a peak temperature of 
approximately 120 °C.  While slower than the pool fire with no containment, the pool fire with 
containment exceeds the temperature tenability criteria of 60 °C in a short amount of time. As 
shown, the 60 °C point is exceeded around 45 seconds from the start of the fire.  Shown in Figure 
83 is a temperature slice file showing conditions on the 2nd Floor around the 60 second point. As 
shown, most areas on the 2nd floor exceed 60 °C 60 seconds from the start of the fire. 
 
 
Figure 82 - Temperature Detector Pool Fire With Containment 
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Figure 83 - Pool Fire With Containment Temperature Slice File (60 seconds) 
 
Visibility was also measured for the pool fire with containment scenario.  As shown in Figure 84, 
the visibility falls below the 10 meter criteria within 25 seconds.  In is the visibility slice file 60 
seconds into the model, as shown visibility is not acceptable throughout the 2nd floor.  
 
 
Figure 84 - Visibility Detector Pool Fire With Containment 
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Figure 85  - Pool Fire With Containment Visibility Slice File (60 seconds) 
 
A pool fire resulting from a gasoline spill with containment is less intense a pool fire with no 
containment, but this is still an event with a large hazardous impact on the occupants.  Shown in 
Table 33 is a summary of the results and the time to tenability criteria compared to the previously 
calculated RSET.  As shown the tenability criteria is exceeded where ASET < RSET.  
 






ASET 45 s 25 s 
RSET 186 s 186 s 
PASS / FAIL FAIL FAIL 
 
9.6 Design Fire Scenario #2 Results and Analysis 
The results for the Design Fire #2 car fire are detailed below.  Shown in Figure 86 is a screenshot 
from FDS at the 186 second mark, or RSET point.  
 




   Page 89 of 98  
 
Figure 86 - Car Fire Screenshot (186 seconds) 
 
As previously detailed the assumption was made that upon activation of a sprinkler, the fire will 
be controlled and the heat release rate will level out.  This was determined by first modeling the 
fire with the previously determined 6,400 kW heat release rate and time to peak of 16.9 minutes.  
The heat release rate output is shown in Figure 87 in blue.  A sprinkler head was included in the 
model matching the properties of the existing standard response heads with an Response Time 
Index (RTI) of 80 (m-s) and a activation temperature of 68 °C, the 68 °C activation temperature is 
shown in Figure 87 in gray.  The sprinkler head in the model reached the activation temperature at 
approximately 420 seconds, sprinkler temperature shown in orange in Figure 87 and measured on 
right y-axis.  
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Figure 87 - Heat Release Rate Car Fire and Sprinkler Temperature 
 
At this point the sprinkler head has activated and the fire is considered to be controlled and the 
heat release rate was capped.  The model was then run with the capped heat release rate of 1,150 
kW, this is shown in Figure 88. 
 
 
Figure 88 - Heat Release Rate Car Fire With Sprinkler Activation 
 




   Page 91 of 98  
As shown in Figure 89, the temperature detector from the car fire with sprinkler activation begins 
to peak around 600 seconds and has a steady state temperature reading of approximately 75 °C.  
The fire exceeds the temperature tenability criteria of 60 °C in approximately 400 seconds as 
shown.  Shown in Figure 83 is a temperature slice file showing conditions on the 2nd Floor around 
the RSET time of 186 seconds, and in Figure 91 a slice file at the 400 seconds point. As shown, 
the 186 seconds point has acceptable temperature levels and at 400 seconds most areas on the 2nd 
floor exceed 60 °C.  
 
 
Figure 89 - Temperature Detector Car Fire With Sprinkler Activation 
 
 
Figure 90 - Car Fire With Sprinkler Activation Temperature Slice File (186 seconds) 
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Figure 91 - Car Fire With Sprinkler Activation Temperature Slice File (400 seconds) 
 
The second measured tenability criteria is visibility.  As shown in Figure 92, the visibility detector 
from the car fire with sprinkler activation falls below the 10 meter point around 200 seconds.  
Shown in Figure 93 is a temperature slice file showing conditions on the 2nd Floor around the 
RSET time of 186 seconds, and in Figure 94 a slice file at the 230 seconds point.  The 186 seconds 




Figure 92 - Visibility Detector Car Fire With Sprinkler Activation 
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Figure 93 - Car Fire With Sprinkler Activation Visibility Slice File (186 seconds) 
 
 
Figure 94 - Car Fire With Sprinkler Activation Temperature Slice File (230 seconds) 
 
A car fire that has been controlled by the sprinkler system and has a capped heat release rate is a 
hazardous event, but has shown to have a ASET > RSET .  Shown in Table 33 is a summary of 
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ASET 230 s 400 s 
RSET 186 s 186 s 
PASS / FAIL PASS PASS 
 
Shown below in Figure 95 are the results and readings of the radiant heat flux gauges.  This model 
was run with the sprinkler system not activated and the heat release rate not capped.  Spacing the 
cars in the showroom based off the model will be considered a passive fire protection strategy, and 
therefore will not account for any active fire protection.  The goal is to prevent a cascading event 
where one (1) car in the showroom ignites the adjacent cars and so on to the next cars.  As 
previously detailed the critical heat flux of a tire will be used, and is shown in blue in Figure 95.  
As shown at approximately 1.5 meters away from the car fire the radiant heat flux falls below the 
critical heat flux.  An additional safety factor of 50% is to be added to the 1.5 meters resulting in 
2.25 meters or 7 feet 6 inches.  It is recommended that the cars be spaced at least 2.25 meters apart 
to avoid a cascading event.  
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9.7 Conclusions and Recommendations 
A fire protection and life safety analysis was performed for the Art ‘n Motion building. This 
analysis consists of a prescriptive-based analysis and performance-based analysis. The 
prescriptive-based analysis was performed to determine if the building and fire protection design 
complies with the applicable codes and standards.  A performance-based analysis was conducted 
to evaluate the Art ‘n Motion building by specifying fire safety objectives and determining if those 
objectives are achieved for specific fire hazards that could occur in the building.  The main 
objective for the performance-based analysis is the life safety of the building occupants. 
 
The prescriptive analysis found that the egress and life safety, fire suppression, fire alarm, and 
structural fire protection features of the building meet the respective code requirements.  The 
prescriptive analysis also included an enhanced design of the fire sprinkler and fire alarm system.  
These enhanced designs are not required, but could be used to aid in a new design if needed.  The 
building was found to be compliant in the egress and life safety aspects and had adequate exits, 
exit separation, and travel distances.  The building was found to meet the structural and building 
code requirements that come with the Type III-B construction and Group B and S-1 occupancies. 
 
For the performance-based analysis two (2) different design fire scenarios were created and input 
into FDS. 
 
The Design Fire #1 analysis consists of a fire resulting from a pool of gasoline, both with 
containment and without containment.  The pool fire with containment, and pool fire without 
containment resulted in a event with a high hazardous impact to the occupants, with the pool fire 
without containment being a catastrophic event.  Both scenarios had a result of significantly lower 
ASET than RSET.  It is recommended that Art ‘n Motion does not allow any fuel to be present in 
showroom and general public areas.  Art ‘n Motion should display the cars with empty fuel tanks 
and if any fueling operation are to take place it should be done outside of the building.  
 
The Design Fire #2 analysis consists of a car fire that has been controlled by the sprinkler system 
and has a capped heat release rate.  Design Fire #2 was shown to be a hazardous event, but resulted 
in an ASET greater than RSET.  Design Fire #2 analysis also consists of a car fire with  no sprinkler 
activation to determine the required spacing of cars to prevent adjacent car fires and a cascading 
event.  The analysis showed that at approximately 1.5 meters spacing the adjacent car would not 
ignite.  It is recommended that Art ‘n Motion add an additional safety factor of 50% to the 1.5 
meters, and space the cars in the showroom at 2.25 meters, or 7 feet 6 inches, apart. 
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11.0 Appendix A – Fire Protection Design Package Drawings 






































































































































































































































































































ART 'N MOTION SITE PLAN
SITE PLAN LEGEND
Address:

















283 San Marco Avenue





























Source Data Points Pump Data Points
Source Information
Pressure Flow Pressure Flow
Date of Flow Test / Info :
Location of flow test data :
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12.0 Appendix B – SprinkCAD Calculations 
See next pages  
 
 
Project Name : Art N Motion      
 
Drawing No. :                 
                                
 
Project Location:  283 San Marco Avenue      
 

























 1 OH2 1521 560.1
Required
29.3
0.2 25.4 12 250 4310Demand (HW)











Area of Application (ft²)
 
Coverage per Sprinkler (ft²)
 








Total Water Required (incl. Hose Streams) (gpm)
 













































Project Name : Art N Motion      
 
Contract No. :                   
 
Project Location:  283 San Marco Avenue                                                                                                       
 
 
City:  St. Augustine,   Florida  32092
 
Date: 3/7/2020
Name of Contractor:  
 
Address:                            
 
Phone Number:                     
 
Name of Designer:  
 
Authority Having Jurisdiction:  AHJ    
 
 
City:                    
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Fluid Dynamic Viscosity, (lb·s/ft²)
Demand
Hazen-Williams
Water @ 60F (15.6C)
N/A for Hazen-Williams calculation.
N/A for Hazen-Williams calculation.




















W1 74 69 1000 73.4 560.1 29.3
Inside Hose Flow / Standpipe Demand (gpm)
 
Outside Hose Flow (gpm)
 
Additional Outside Hose Flow (gpm)
 
Other (custom defined)  Hose Flow (gpm)
 










Ovehead Sprinkler Flow (gpm)
 
InRack Sprinkler Flow (gpm)
 
Other (custom defined) Sprinkler Flow (gpm)
 








Required Margin of Safety (psi)
 
W1  - Pressure (psi)
 
W1  - Flow (gpm)
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Hydraulic Analysis for :  1
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0S1 74Supply point #1 - Static
1000S2 69Supply point #2
2000S3 50Supply point #3
0D1 5.3Elevation Pressure
310.1D2 29.3System Demand
560.1D3 29.3System Demand + Add.Out.Hose
Pressure (psi)
Curve Name
Curve Intersections & Safety Margins
Flow (gpm)
Safety MarginIntersection
Pressure (psi) @ Flow (gpm)













S001 8 0.2 25.4 10 0.209 10.926.4126.75
Overhead
Sprinkler
S002 8 0.2 25.4 10 0.206 10.726.2126.75
Overhead
Sprinkler
S003 8 0.2 25.4 10 0.209 1126.5126.75
Overhead
Sprinkler
S004 8 0.2 25.4 10 0.201 10.225.5126.75
Overhead
Sprinkler
S005 8 0.2 25.4 10 0.2 1025.4126.75
Overhead
Sprinkler
S006 8 0.2 25.4 10 0.2 10.125.4126.75
Overhead
Sprinkler
S007 8 0.2 25.4 10 0.203 10.425.7126.75
Overhead
Sprinkler
S008 8 0.2 25.4 10 0.211 11.226.7126.75
Overhead
Sprinkler
S009 8 0.2 25.4 10 0.202 10.325.6126.75
Overhead
Sprinkler
S010 8 0.2 25.4 10 0.201 10.125.4126.75
Overhead
Sprinkler
S011 8 0.2 25.4 10 0.201 10.125.5126.75
Overhead
Sprinkler
S012 8 0.2 25.4 10 0.203 10.325.7126.75
Overhead
Sprinkler
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  *   Pressures are balanced to a high degree of accuracy. Values may vary by 0.1 psi due to display rounding.
 
***  Device pressure loss (gain in the case of pumps) is calculated from the device’s curve. If the device curve is printed with
this report, it will appear below. The length of the device as shown in the table above comes from the CAD drawing. The friction
loss per unit of length is calculated based upon the length and the curve-based loss/gain value. Internal ID and C Factor values
are irrelevant as the device is not represented as an addition to any pipe, but is an individual item whose loss/gain is based
solely on the curve data.
  *   Maximum Velocity of  11.92 ft/s occurs in the following pipe(s):   (138-O-028), (139-O-138-I)
Date 3/7/2020 Page 12Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
Device GraphsJob : Art N Motion
Date 3/7/2020 Page 13Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
Device GraphsJob : Art N Motion
Date 3/7/2020 Page 14Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
 
Project Name : Art N Motion      
 
Drawing No. :                 
                                
 
Project Location:  283 San Marco Avenue      
 

























 2 OH1 1521 509.6
Required
30.8
0.167 21.2 12 250 41.87Demand (HW)











Area of Application (ft²)
 
Coverage per Sprinkler (ft²)
 








Total Water Required (incl. Hose Streams) (gpm)
 




Volume - Entire System  (gal)
2
 






































Project Name : Art N Motion      
 
Contract No. :                   
 
Project Location:  283 San Marco Avenue                                                                                                       
 
 
City:  St. Augustine,   Florida  32092
 
Date: 3/7/2020
Name of Contractor:  
 
Address:                            
 
Phone Number:                     
 
Name of Designer:  
 
Authority Having Jurisdiction:  AHJ    
 
 
City:                    
 




Date 3/7/2020 Page 2Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
Job : Art N Motion
Diagram for Design Area :  2





Date 3/7/2020 Page 3Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
Job : Art N Motion







Fluid Dynamic Viscosity, (lb·s/ft²)
Demand
Hazen-Williams
Water @ 60F (15.6C)
N/A for Hazen-Williams calculation.
N/A for Hazen-Williams calculation.




















W1 74 69 1000 73.6 509.6 30.8
Inside Hose Flow / Standpipe Demand (gpm)
 
Outside Hose Flow (gpm)
 
Additional Outside Hose Flow (gpm)
 
Other (custom defined)  Hose Flow (gpm)
 










Ovehead Sprinkler Flow (gpm)
 
InRack Sprinkler Flow (gpm)
 
Other (custom defined) Sprinkler Flow (gpm)
 








Required Margin of Safety (psi)
 
W1  - Pressure (psi)
 
W1  - Flow (gpm)
 










Date 3/7/2020 Page 4Copyright © 2002-2012 Tyco Fire Protection Products
File: C:\Users\Neptune-1\appdata\local\temp\Project drawings_1_23899_4575.sv$
Job : Art N Motion
Hydraulic Analysis for :  2
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0S1 74Supply point #1 - Static
1000S2 69Supply point #2
2000S3 50Supply point #3
0D1 11.4Elevation Pressure
259.6D2 30.8System Demand
509.6D3 30.8System Demand + Add.Out.Hose
Pressure (psi)
Curve Name
Curve Intersections & Safety Margins
Flow (gpm)
Safety MarginIntersection
Pressure (psi) @ Flow (gpm)













S13 8 0.15 19 7 0.173 7.521.9126.75
Overhead
Sprinkler
S14 8 0.15 19 7 0.174 7.622.1126.75
Overhead
Sprinkler
S15 8 0.15 19 7 0.168 721.2126.75
Overhead
Sprinkler
S16 8 0.15 19 7 0.169 7.121.4126.75
Overhead
Sprinkler
S17 8 0.15 19 7 0.167 721.2126.75
Overhead
Sprinkler
S18 8 0.15 19 7 0.168 7.121.3126.75
Overhead
Sprinkler
S19 8 0.15 19 7 0.176 7.822.3126.75
Overhead
Sprinkler
S20 8 0.15 19 7 0.168 7.121.3126.75
Overhead
Sprinkler
S21 8 0.15 19 7 0.168 7.121.3126.75
Overhead
Sprinkler
S22 8 0.15 19 7 0.175 7.722.1126.75
Overhead
Sprinkler
S23 8 0.15 19 7 0.172 7.421.8126.75
Overhead
Sprinkler
S24 8 0.15 19 7 0.171 7.421.7126.75
Overhead
Sprinkler
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  *   Pressures are balanced to a high degree of accuracy. Values may vary by 0.1 psi due to display rounding.
 
***  Device pressure loss (gain in the case of pumps) is calculated from the device’s curve. If the device curve is printed with
this report, it will appear below. The length of the device as shown in the table above comes from the CAD drawing. The friction
loss per unit of length is calculated based upon the length and the curve-based loss/gain value. Internal ID and C Factor values
are irrelevant as the device is not represented as an addition to any pipe, but is an individual item whose loss/gain is based
solely on the curve data.
  *   Maximum Velocity of  9.98 ft/s occurs in the following pipe(s):   (138-O-040), (139-O-138-I)
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